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Introduction 


1. The astrolabe 


An astrolabe imitates the motion of the heavens. The stars may be 
imagined to be on a celestial sphere, and their daily rotation may be 
represented by the rotation of this sphere. The astrolabe is essentially 
a plane representation of this rotating sphere as seen over a representa¬ 
tion of some observer’s horizon and horizon coordinates: the stars (and 
also the Sun, Moon and planets) on one flat plate are revolved against 
the observer’s horizon and almucantars (circles parallel to the horizon) 
drawn on another, fixed, plate. If the altitude of the Sun or of a star is 
measured, the instrument may be set to represent the position of the 
heavens by putting the representation of the star on the almucantar 
for that altitude. Then, for instance, the time of day (or night) may 
be determined by measuring the rotation necessary to bring the star 
from the horizon in the east (or west); an astrolabe was furnished with 
markings to facilitate the measurement. There were many other uses 
to which the astrolabe could be put. 

A flat representation of the celestial sphere may be made in many 
ways, but in practice the astrolabe was almost always made by using 
the northern stereographic projection. In this the sphere is imagined 
tangent to the plane of projection at the north pole and the image of 
any other point (P in Fig. 1) on the sphere, except the south pole S, 
is found by joining S to P and producing the line until it meets the 
plane: at P', the image of P. 


S 
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When a circle, great or small, is projected in this way, the image 
is a circle: this is the fundamental property of stereographic projection. 
It is the reason why this way of flattening the sphere was so popular, for 
it is not only mathematically elegant for the theoretician, but practical 
for the artificer. Fig. 2 shows how a great circle, AD, such as the zodiac, 


S 




is projected. In the sphere circle AD is tangent to circles AB and GD, 
which are parallel to the equator circle. To draw circle A'D' in the 
plane, the image of circle AD in the sphere, one needs to know its 
centre and radius, and these are easily determined from the radii of 
the images of circles AB and GD. The same procedure may be used 
for all circles on the sphere: all that is needed is to find NA' (in Fig. 2) 
from NA, for all values of NA . Tables may be established to this end. 
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Of the literature on the astrolabe little has survived from an¬ 
tiquity; and what there is does not concern the construction of the 
instrument. The fullest treatment is in the treatise of Philoponus (6c. 
AD), which, after a description of the astrolabe and its inscribed cir¬ 
cles, sets forth its uses 1 . In the same tradition are Severus Sebokht, 
writing in Syriac in the seventh century, and al-Ya c qubT, writing in 
Arabic in the ninth. A description by one Synesius (ca. 400 AD) of an 
astrolabe-like instrument is not clear. 2 . 

The Planisphaerium by Claudius Ptolemy (2c. AD) is the only 
Greek work on stereographic projection that has come down to us. 
Unfortunately, the text exists only in an Arabic translation and a Latin 
translation derived from it 3 It was translated into Arabic some time 
before 946, probably “in or around 900” 4 . Much of the latter part of the 
book is taken up with circles parallel to the zodiac and those through 
the poles of the zodiac. At least in its present state, it contains no proof 
of the fundamental theorem of stereographic projection 5 . The Fihrist 
of Ibn al-Nadlm does not mention the Arabic translation, but it lists 
a commentary on the Planisphaerium by Pappus 6 , which seems not to 
have survived. 

The astrolabe was known to the early Islamic astronomers, for 
al-Fazarl (fl. 8c., second half) is credited in the Fihrist with making 
one 7 ; but what theoretical treatments of the instrument were available 
to them we do not know. Al-FarghanT wrote the first known substantial 
description of the astrolabe. It was written about the years 856-57 AD, 
the date of the star table, which was based on the Mumtahan Tables. 


L It was edited by H. Hase in 1834. His edition was reproduced, with facing 
French translation and tong introduction, in Philoponus [1981], 

2 See Neugebauer [1949], pp. 248 253, and Vogt and Schramm [1970]. 

3 For a facsimile of one of the three known Arabic manuscripts, with English 
translation and commentary, see C. Anagnostakis [1984]. The Latin translation by 
Hermann of Carinthia is edited in Ptolemy [1907], pp. 227*259. 

4 Kunitzsch [1994], p. 84. 

5 This appears to be the purpose of a note to the text under the name of 
Maslama. See Lorch [1995-96], 

6 Ibn al-Nadlm, [1871-72], p. 269 

7 Ibn al-Nadlm [1871-72], p. 273. 
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2. Al-Farghdni* 


Little is known of the life of Ahmad ibn Muhammad ibn Kathlr al- 
Farghanl. He was an astronomer at the court of the Abbasid caliph 
al-Ma'mun (reigned 813-833) in Baghdad. Later he was supervisor of 
the construction of the “Great Nilometer” at al-Fustat (Old Cairo), 
which Caliph al-Mutawakkil had ordered. The project was completed 
in 861, the year the caliph died. It is likely that al-Farghanl wrote the 
astrolabe treatise when he was in Fustat, since the examples in it to 
illustrate mathematical calculations involving the local latitude all use 
or imply the value 3(T for it, a good approximation for the latitude of 
Cairo 6 * * 9 . Since al-Mutawakkil had his capital at Samarra- the court had 
been moved there by al-Mu'tasim in 836 - it is likely that al-Farghanl 
spent some time there. He was entrusted by Muhammad and Ahmad, 
the sons of Musa 10 , with the task of digging the Ja'farl canal, near 
Samarra. Al-Farghanfs attempt at this project was not a success; but 
before his failure became apparent from the sinking level of the Tigris, 
al-Mutawakkil was murdered 11 . 

Al-Farghanl probably took part in the turbulent politics of the 
sons of Musa, who had for the philosopher al-Kindi “such an antipathy 
and deep aversion as turns boys into old men”, as al-Blrunl expresses 
it 12 . Al-Blrunl goes on to explain al-FarghanVs vituperation about the 
melon-shaped astrolabe by his association of the instrument with al- 
Kindl, for al-Farghanl “expresses at the beginning of his book al-Kamil 
what can be understood as [meaning] that al-Kindi either was the 

6 Except where an explicit source is quoted, this short account is based on Sezgin, 

GAS V 259 260 and VI 149-151; Sezgin, Editor’s Preface in Al-FkrghanI [1986]; 
Sabra [1971]; King [1986], item B18, p. 34. Variations in al-Farghanfs name (in 

particular with Muhammad for Ahmad ibn Muhammad, so that there are two 
al-Farghams) are dismissed by Sabra. 

e This was suggested by F. Charette [1998], p. 2. I am most grateful to Dr. 
Charctte for Jetting me see this paper before publication. 

10 In referring explicitly to Muhammad and Ahmad, and not to the Banu Musa 
(i.e. Muhammad, Ahmad and their brother al-Hasan), we are copying Ibn Abl 
Usaybi'a, our source. Sabra follows the same practice in his article in the DSB 
[1971]. 

11 See Ibn Abl UsaybPa [1882], pp. 207-208, reporting from Ahmad ibn Yusuf ibn 
Ibrahim (presumably the tenth-century mathematician), who had the story from 
Abu Kamil Shuja' ibn Aslam al-Hasib, the well-known writer on algebra. 

12 In the IstVdb al-umjuh al-mumkina fi san'at al-asturlab . See Kennedy- 

Kunitzsch-Lorcli [1999], pp. 184-187. 
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inventor of this melon-shaped astrolabe or had a preference for it and 
used it” - a passage unfortunately not in the extant manuscripts of 
al-Kamil Al-Farghani was chosen to direct the canal project although 
a better engineer, Sanad ibn ‘All, was available 13 . We may note that 
the only mathematician al-Farghanl mentions in his astrolabe treatise, 
apart from Euclid and Ptolemy, is Muhammad ibn Musa - for a minor 
result used in the proof of the fundamental theorem of stereographic 
projection (Chapter 1, lines 40-41) and for his judgement of the melon¬ 
shaped astrolabe (Chapter 7, lines 62-64). 

A likely date of a/-A amt/, the treatise edited here, is 225 Yazdijird 
(856-857 AD), the date of the star table included in it. 

Al-Farghanl’s most influential work was a 30-chapter summary 
of Ptolemaic astronomy, Jawdmi* Him al-nujum wa-usul al-harakdt al- 
samdwiya (Compendium of the science of the stars and the foundations 
of the celestial motions), though it also went under many other names. 
It is extant in numerous manuscripts (Sezgin mentions fourteen 14 ) and 
was printed by Golius with his own Latin translation (Amsterdam, 
1669). The Arabic text was twice translated into Latin in the twelfth 
century, by Johannes Hispalensis and by Gerard of Cremona, and also 
into Hebrew by Jacob Anatoli, perhaps between 1230 and 1235 15 
the Hebrew being again translated into Latin by Jacob Christmann 
(printed Frankfurt, 1590). The translation by Johannes Hispalensis 
was printed in Ferrara in 1493 and, together with the astronomy of 
al-BattanT, in Nuremberg in 1537. Carmody [1956, 113-15] lists 30 
manuscripts, to which Benjamin adds another 46. Clearly, this was a 
very influential text, particularly in Latin. By contrast, al-Kdmil was 
not so widely known - there were no translations into Latin - but it 
was influential among Arabic writers on the astrolabe. 

The following works are either lost or are known only in frag¬ 
ments: al-Kaldm ‘a/a hisdb al-aqdltm al-sab'a (Statement on the cal¬ 
culation of the seven climates), of which there is a fragment in the 
Egyptian National Library 16 ; Kitdb al-rukhdmat (Book of sundials), 
ascribed to him in the Fihrist 17 ; TaUil li-ztj Muhammad ibn Musa al - 

13 Ibn Abl Usaybi'a, ibid. 

H Sezgin, GAS VI, p. 150 
15 Steinschneider [1893], p. 555. 

16 MS Mustafa Fadil, mTqat 194,3, f. 32r, 876H. 
l7 Ibn al-Nadlm [1871-72], p. 279. 
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Khwarizmi (the explanation for the zij of Muhammad ibn Musa al- 
KhwarizmT, mentioned by al-BTrunl in his Isiikhrdj al-awtar 18 ); 7/a/ 
al-aflak (The reasons behind [the motions of] the spheres), of which 
there is a fragment in al-AUdq al-naftsa by the late-ninth century geo¬ 
grapher Ibn Rust ah 19 . An anonymous Bab fi ma'rifat al-awqdt a Halt 
yakun fiha al-qamar fawqa al-ard (Chapter on determining the times in 
which the Moon will be above the Earth) may also be by al-Farghanl 20 . 


3 . The markings on the astrolabe described by al-Farghanl 


On the rete the zodiac, with graduations, and twenty-five fixed stars 
are marked. On the plate of the “sixth” astrolabe 21 described by al- 
Farghanl there are: the three parallel circles - the equator and the trop¬ 
ics of Capricorn and Cancer - and the north-south and the east-west 
lines (vertical and horizontal, respectively); the horizon and almucan- 
tars for every 6°;‘azimuths for every ten degrees; the hour lines for 
unequal and equal hours; the line of l asr (Muslim afternoon prayer) 
between the eighth and tenth unequal-hour lines. 

Al-FarghanT gives a full treatment of azimuths, although these 
lines do not appear in the description by Philoponus or on several 
surviving instruments from the earlier Islamic period, e.g, the oldest 
dated Arabic astrolabe, made by NastOlus, of 315/927-28 22 . It is possi¬ 
ble that the lines for unequal hours and equal hours were alternatives, 
though MS T (f. 39r) has a diagram showing both together. 

18 Al-Blrunl [1948], pp. 128 and 168. 

19 Sce Sezgin, GAS VI, p. 151. Brockelmann (vol. I, p. 250 - 221 in the original 
pagination and Suppl. I 393) mentions manuscripts for this title. 

20 Mustafa Fadil, mTqat 194,2, f. 31v. See King, [1986], p. 34. 

21 suds aUasturtdb, elsewhere also called “the sudst astrolabe”, a sixth of a com¬ 
plete astrolabe, i.c. one with an almucantar for ever six degrees and a graduation 
every six degrees on the zodiac circle (see Chapter 5, lines 36-38 and 140-141). 
Cf. Philoponus [1981], pp. 146-147 and 154-155. Al-FarghanT considers azimuths 
for every ten degrees as suitable for a “sixth” astrolabe. For the various types of 
astrolabe in this sense - half, third, sixth, etc. see Kunitzsch [1993]. An old Ara¬ 
bic text naming these types of astrolabe is in MS B. see Charette Schmid!, text 5, 
pp. 53 and 74-75. 

22 This is now in the Kuwait National Museum. For a photograph of the instru¬ 
ment, see Jenkins [1983] p. 39. Of the seven oldest astrolabes noted by King [1994], 
only one (no. 1.4) has azimuths (on the plates for 34° and 36°), Here and else¬ 
where two numbers separated by an oblique stroke represent equivalent Muslim 
and Christian years. 
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On the back of the instrument, the rim of one of the upper quad¬ 
rants (the upper left quadrant in the diagrams of CBT 23 ) is divided 
into 90 degrees, marked 1 to 90, and on the rim of the opposite quadrant 
(lower right) are the markings for the projected shadows. Presumably 
the construction lines ( ES , TSH , etc. in Fig. 5.6) were erased after use. 
Al-FarghanT uses these shadow markings in his calculations for the line 
of ‘asr 24 . No doubt they were meant for other purposes as well. They 
are to be found on surviving instruments, some of them relatively early, 
e.g. on Khafif’s astrolabe (before 300/913) 25 . Both in al-Farghanl’s de¬ 
scription and in Khafif’s instrument the scale goes from 1 to 45. Mayer 
gives photographs of astrolabes with shadow scales going to 25. His 
plate IV, of an instrument made by Muhammad ibn Abl ’1-Qasim in 
496/1102-1103, shows an instrument with both, the 45-scale carrying 
the label al-asabV (digits) and the 25-scale carrying the label al-aqddm 
(feet). We note that al-Farghanl relied on a graphic procedure to find 
shadow-lengths and did not reduce the procedure to tabulated results. 


4 . The form and style of al-Kamil 


Al-Farghani’s treatise is in seven chapters: 1. mathematical preliminar¬ 
ies (including the fundamental theorem of stereographic projection); 2. 
a discussion of the lines and circles on the astrolabe; 3. the method of 
calculating the semidiameters and the positions of the centres of the 
circles; 4. the tables themselves, as calculated by the methods of the 
previous chapter; 5. and 6. a description of the northern and southern 
astrolabes; 7. a diatribe against other forms of the instrument. 

Throughout the approach is that of a mathematician rather than 
an artificer. Little information is given on the physical form of the 
instrument. Thus the pointer on the rete is not mentioned; nor is the 
way the instrument is put together. Segonds notices similar omissions 
in Philoponus’ text, but explains this by supposing that the readers 
are assumed to have an astrolabe in their hands 26 . Another omission 

23 Of the very poor diagrams in K one (p. 171) has 18 graduations in the top 
right quadrant, but no shadow markings, and the other (p. 172) has 15 graduations 
in each of the two lower quadrants. We have followed CBT. 

24 For a survey of the use of shadows for timekeeping, see King [1990]. 

25 Mayer [1956], Plate 1. 

26 Philoponus [1981], p. 25. 









8 


Al-Farghani, On the Astrolabe 


in at-Kamil is that the mater is never described as containing a set of 
plates for different latitudes. In fact, the mater is mentioned, as t/mm, 
only in cases in which “plate” would be appropriate (Chap. 5, lines 
68-70) and, as batin , when describing where the central point of the 
back of the astrolabe is (Chap. 5, lines 243-244). On the other hand, 
not all practical details are omitted. Thus, while no indication is given 
of how big the instrument may conveniently be made, al-Farghanl is 
careful to specify the relative dimensions of the strips on the rete that 
hold it together and support the stars; he also stipulates that the rete 
should be as thick as two plates. 

Some old surviving astrolabes have plates for the seven climates. 
This is true of the mater of the instrument that is probably the oldest 
surviving eastern astrolabe, made by Ahmad ibn Kamal, perhaps ca. 
800 27 , and of the oldest witness to a western Arabic astrolabe tradition, 
the drawings in MS Bibliotheque nationale de France, lat. 7412, copied 
from an instrument made by Khalaf ibn Mu'adh 28 . But in his tables 
al-Farghanl shows no sign of favouring the climates and gives values 
for the almucantars and azimuths for latitudes 0° and 15(1)50°. 

In general, al-Farghanl’s technical vocabulary is the common 
mathematical language of his time. Perhaps two terms may be no¬ 
ticed here. First, he refers to the east-west line on the instrument as 
ufq al-falak al-mustaqim (horizon at sphacra recta ). We may note that 
Ibn al-Salah uses the term ufq al-istiwa* in his treatise on projection 29 ; 
this term is also to be found inscribed on the front of the mater of 
an astrolabe by Hamid ibn "All al-WasitT dated 343/954-55 30 , show¬ 
ing the projections of twelve horizons. Secondly, al-Farghanl’s term for 
“gnomon”, a rod whose shadow is used as a measure of time, is t ud. 

It is clear from passages in Chapter 3 (lines 107-112, 139-141 
and 148-150) that when al-Farghanl is considering right ascensions, he 
measures both ascension and corresponding longitude from the colure 
through the beginning of Capricorn and that he has before him ascen¬ 
sion tables drawn up with such coordinates. It could well be that the 
table of ascensions that was transmitted with the text (i.e. Table 2, 

27 Apart from the mater the plates have not survived. See King [1994], Section 
2 t item 1. 

28 Kunitzsch [1998]. 

29 See the extract reproduced in Appendix 3. 

30 King [1994], Section 2, item 9a. 


Al-Farghanl and his predecessors 


9 


below) was substituted for the original at some stage, for it begins, as 
Ptolemy’s does, at an equinox. A table of right ascensions beginning 
with Capricorn was presented by Al-Bafctanlin his zij 31 . This tradition 
can also be traced in Theon of Alexandria 32 . A similar table, calculated 
to seconds, appears in al-Khwarizmi’s zij 33 . We note that the table im¬ 
plied by al-Farghanl has the longitudes, in the first column, counted 
continuously and not defined by signs and degrees within the signs (as 
in al-Khwarizml and al-Battanl). 

A curiosity of the text is al-Farghanl’s occasional use of letters 
more than once in a diagram. The most obvious example is in his 
description of the northern rete, our Fig. 5.1. Here Z H T K L all 
appear in the main diagram, but Z H T are also used in a subsidiary 
diagram showing a rule with divisions drawn on it, which is considered 
and described at the same time as the main diagram; and later the 
positions of two stars are indicated by using points H T K L. TYue, 
one manuscript, T, has different letters here, from the end of the abjad 
alphabet. Though T’s readings were accepted for two letters against all 
the other manuscripts, it seems likely that the copyist of T (or of his 
exemplar) saw the duplication of H T K L and changed them 34 . It is 
possible that the author considered the main and subsidiary diagrams 
as separate (despite mixing their descriptions) and intended a new 
diagram to be drawn when the two stars are treated; but this does not 
accord completely with the text. In the edition below a compromise 
is made between explicit indications and hints in the text and the 
transmitted diagrams. 


5. Al-Farghani and his predecessors 


In the beginning of Chapter 5 al-Farghanl speaks clearly of his pre¬ 
decessors: he sets out tables with respect to the north pole “following 
in it the practice of the Ancients” (Chap. 5, lines 7-8) - here the An¬ 
cients’ choice of the north pole rather than their drawing up tables 

31 Kennedy [1956], p. 33; BattanT [1899-1907], II pp. 61-64; cf. also I 163-164 
and lxvii. 

32 Ibid., II xvii; Theon [1822], pp. 148-155. 

33 Kennedy [1956], p. 26; Khwarizmi [1914], p. 171-172; Neugebauer [1962], 104; 
cf. also ibid, i p. 48. 

34 My criterion was principally the preservation of sequences of letters from the 
abjad alphabet. 
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is probably meant. Further, he describes the plates as “in the way in 
which the practitioners of this art are still making them”; again, the 
alidade with sights, the pin and the “horse” are described as tjging “as 
they have always been made”. But he says in the introduction (lines 
14-15) that he has not heard of anyone’s putting down a description 
of the construction of the astrolabe in a book. 

Presumably he had not seen the short treatise on the construction 
of the astrolabe that has been attributed to al-Khwarizml 35 , which, 
ironically, shares a manuscript with al-Kamil (our B). The two texts 
are quite different. For instance, al-Farghanl has azimuths and the 
other author has not. Again, the shadow markings on the back of the 
instrument are different: in our Fig. 5.6 H is not defined in the same 
way and in the putative Khwarizmi text the ends of the shadows are 
not projected onto the circular rim of the instrument 36 . Al-KhwarizmT 
is reported by the Fihrist to have been intimately connected with the 
Bayt al-Hikma, the well-known academy in Baghdad 37 , to which the 
Banu Musa and al-Farghanl also belonged, though not necessarily at 
the same times. Even if the ascription of the short text to al-Khwarizml 
is rejected, some difficulty remains, for Ibn al-Nadlm 38 says he wrote 
two treatises on the astrolabe, one on the use (famal bi'l-asturlab) and 
one on the construction (‘ amal al-asturldb) of the instrument: how did 
al-Farghanl not hear of them? 

It is clear from al-Farghanl’s introduction that the astrolabe was 
well known in his time. We have no reason to doubt that he had no 
astrolabe literature to refer to and that he worked out a fresh mathe¬ 
matical basis for the instrument from first principles. Whether he was 
chronologically the first in the field is another matter. 

In Chapter 2 al-Farghanl describes not only the projection of 
circles that normally go into an astrolabe, but also (1) great circles 
through the points of intersection of horizon and meridian, which he 
does not mention again, and (2) great circles through the poles of 
the zodiac, which he mentions again only in passing (Chapter 3, at 
the beginning of section 4). In the first case we are reminded of the 

“King [1983a], pp. 23-27. The text has recently been edited by Charette and 
Schmidl and will shortly appear in print. 

38 Compare Chap. 5, section 8, below, with Charette-Schmidl, p. 39. 

37 Ibn al-Nadlm [1871-72], p. 274, says that al-Khwarizml was intimately con¬ 
nected (fcana munqati an ...) with the Khizanat al-Hikma of al-Ma’mun. 

38 Ibn al-Nadlm, ibid. 
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horarius (wpiaioc;) circles of Ptolemy’s Analemma 39 , and in the second 
of Ptolemy’s Planisphaerium. But neither work is known to have been 
translated by al-Farghani’s time 40 . 


6. Al-FarghdnVs value for e 


The value of the obliquity of the ecliptic accepted by al-Farghanl is not 
a simple matter. Only a few easily ascertainable facts are presented 
here, but no firm conclusions. In al-Kamil the value 23;33° is given 
in the worked examples in the text. On the first occasion (Chap. 3, 
lines 10-11), he says, “as we found by observation in our time, that 
is 23 D 33'”. Charette found that the value of e underlying Table 2 is 
the Ptolemaic 23;51°, but he reasonably suggests that al-Farghanl had 
simply copied this table from an earlier one 41 . 

In the fifth of the thirty chapters of his JavidmV ‘ilm al-nujum he 
also refers to the obliquity of the ecliptic. In Golius’ edition of 1669 and 
in the translation by Gerard of Cremona he reports Ptolemy’s value of 
the obliquity as 23;51 <: and the Mumtahan value as 23;35° 42 . But in the 
153? edition the translation by Johannes Hispalensis gives Ptolemy’s 
value as 24 and the Mumtahan value as 23;33°. 

According to al-Blrunl’s Tahdid 43 , Yahya ibn AbT Mansur made 
observations, at the behest of Caliph al-Ma’mun, in the year 213H 
(= 197 Yazdijird) at ShammasTya (Baghdad). From the maximum and 
minimum midday altitudes of the Sun he obtained the value £ = 23;33°. 
This value he used in his zij. Al-KhwarizmT reported the observations as 
an eye-witness. However, in the following year, 214H (= 198 Yaz.), dif¬ 
ferent values were found for the two altitudes, which yielded the value 

3B The horarius is the circle through the Sun and the north and south points of 
the horizon. See Gibbs [1976], pp. 109-117; Luckey [1927], pp. 20ff. 

40 We know only that the Planisphaerium was translated before its use by Ibrahim 
ibn Sihan ibn Thabit (909-946); see Kunitzsch [1995-96], p. 52. It seems unlikely 
that the Pappus commentary on the Planisphaerium mentioned by Ibn Nadlm 
[1871-72], p. 269, lines 8-9, was available to al-Farghanl. 

41 Charette [1998], p. 5. For another possibility, that it was substituted for the 
original, has already been suggested (section 4 above) 

42 Al-Farghanl [1669], p. 18 (also p. 18 in Golius’ Latin translation). For the Latin 
translation by Gerard of Cremona, see MS Paris, Bib. nat. de Fiance, lat. 16202, 
f. 4v. 

43 See al-BTrunl [1962], p. 89ff., and [1967], p. 60ff.; also Kennedy [1973], pp. 2011. 
I am indebted to Charette and Schmidl, note 62, for their reference to this passage. 
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e = 21;35. Al-Ma’mun rejected the first value* He also ordered Khalid 
ibn c Abd al-Malik al-MarwarrudhT to make observations at Damas¬ 
cus. Al-BlrunT goes on to record Khalid’s results and those of later 
observers. Of these we may note the 23;34,30° found by Muhammad 
and Ahmad ibn Musa from observations in years 243H (226 Yaz*) and 
also from observations in year 245H (Yaz. 228); their observations from 
years 254-255 (Yaz. 237-238) in Baghdad yielded the value 23;35°. 

It would appear that al-FarghanT took his value of 23;33° from 
Yahya ibn AbT Mansur. Why he preferred it to 23;35° is not clear. 

7. Observation of aPayyuq; value for precession 

Apart from the measurement of the midday solar altitudes to find c, 
the only observation claimed by al-FarghanT as his own (in both cases 
the expression is wa-huwa *ald md wajadna bi- y l-rasad ft zamdnind , 
“and it is as we found by observation in our time 44 ) is of al-ayyuq (a 
Aurigae) in year Yazdijird 225 (=856-57 AD): he found the longitude 
and latitude to be Gem 5;20° and 22;50°. These are the values given 
in the Mumtahan Tables with 15' added to the longitude. Accordingly, 
al-FarghanT finds the position of most of the stars in his list by taking 
over the Mumtahan values and adding 15' to the longitude. 

Since the date of the observation differs from that of the Mum¬ 
tahan Tables by about a quarter of a century, the observation would 
seem to confirm Ptolemy’s value for precession of 1° in 100 years 46 . 
This is indeed the value favoured by al-FarghanT in the Jawdmi% once 
attached to Ptolemy’s name in Chapter 13 46 and once with no name in 
Chapter 19 47 . Although he knew the Mumtahan Tables well enough to 
take over the star table, he did not so much as mention the Mumtahan 
value for precession, 1° in 66 years. This value is clear both from the 
tables 48 and from al-Sufi’s confirmation 49 ; it is the value used by most 

'"Chap. 3, lines 10-11 and 105-106. 

45 This seems not to have been realised by Destombes [1958]. He gives the date of 
al-Farghanf s star table as 846, apparently deriving it from the Mumtahan values 
of precession. See Kunitzsch [2003], p. 348. 

A 6 Al-FarghanT [1669], p. 49, and [1537], p. 13r. 

47 A1-Farghanl [1669], p. 74, and [1537], p. 19r. 

48 See, e.g., Vernet [1956], p. 203 (513 in the reprint), where he quotes a passage 
on the motion of apogees. 

49 Al-SufT [1954], p. 24 f. 
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astronomers of this early period 50 . It is possible that his observation 
of al^ayyuq was guided by a consideration of what it ought to be 
according to the processional value of 1° in 100 years - especially as 
the instruments available to him could scarcely be accurate to a few 
minutes. Another possibility is that the mention of the observation is 
a literary convention. If this is the case, then perhaps the observations 
for the obliquity of the ecliptic and even al-Fargham’s not knowing 
previous literature on the astrolabe may also be regarded as polite 
fiction. 


8 . Arithmetic and trigonometry in al-Kamil 


Arithmetic 

Apart from some addition and subtraction all the arithmetic and trigon¬ 
ometry in al-Kamil is to be found in Chapter 3* With one exception 
al-FarghanT takes sexagesimal division to as many places in the result 
as the greater number of places of the dividend and divisor. The excep¬ 
tion is the calculation of the important constant 19;39, which he needs 
for calculating his basic table (Table 1). His reason for approximat¬ 
ing in this case was probably to save time in calculating the table, for 
the results would still be more than accurate enough for an artificer. 
In Chapter 3, section 6, is found to be 13;6. Since 

a modern calculation yields 13;6,41, it appears that al-FarghanT has 
rounded down in this case. 

Sines 

In al-Kamil there is no mention of chords. The trigonometrical func¬ 
tions used are the sine and the versed sine, both with base 60. These 
functions were taken over from the Hindu mathematicians some gen¬ 
erations before al-FarghanT* In the text of the treatise the following 
values of sines are given (the numbers in brackets being the section 
and line number of Chapter 3): 

Sin66;27* 55;0,10 (1: 16-17, 118) 

Sin 44;27° = 42;1,1 (1: 119-120) 

Sin 111;37° * 55;46,49 (4: 121-122) 

50 A1-Battam claimed to have obtained it by observation. See BattanT [1899-1907], 
I, p. 124. 












14 


Al-Farghani, On the Astrolabe 


Sin 60° = 51;57,42 ( 6 : 259-260, 261-262) 

To these we may add Versin 16;27° = 36;1,37, which implies 
Sin 23;33° = 23;58,23 

All these, except Sin44;27° and Sinlll;37°, are obtainable from 
Ptolemy’s table of chords by using the entry in the difference column in 
the interpolation and rounding the second sexagesimal fractional place 
in the modern way. The value of Sin 111;37° thus obtained in Ptolemy’s 
table is 55;46,48,12. Similarly, Sin44;27° comes out as 5 • 84;2,3. The 
value 42;1,1 given by al-Farghanl for the sine may be explained either 
by a rounding down (and al-Farghanl was not consistent with his 
rounding - see below) or by supposing that in Ptolemy’s table the 
chord of 885 ° was not 83;44,5 P , but 83;44,4 p51 . We may note that 
Habash al-Hasib (fl. late 9 c.) in the sine table of his ztj, which was 
probably taken from a chord table 52 , probably Ptolemy’s, has Sin 44^° 
=; 41;52,2,0, which implies that chord 885 ° = 83;44,4). Further, all the 
values of al-Farghanl’s inverse sines, 

Sin - 1 41 ;25,53 = 43;40° (4: 127) 

Sin' 1 9;39,59 = 9;16,16° (4: 137-8) 

Sin" 1 45;0,1 = 48;35° ( 6 : 264-265) 

could have been found from Ptolemy’s table without any error. It is 
possible, therefore, that al-Farghanl used Ptolemy’s chord table, maybe 
converted to sines as Habash’s was, since by this hypothesis only one 
value in eight is inaccurate and that by one sexagesimal second. This 
hypothesis is confirmed by an analysis of Table 1 (section 8 below). 

Spherical trigonometry 

For computation in spherical astronomy al-Farghanl uses Menelaus’ 
theorem twice (Chapter 3, lines 95-98 and 129-131), when finding 
the declination and mediatio of a star. Here he was copying Ptolemy, 

61 Heiberg has 83;41,4, but this should be emended to 83;44,5 (the value used in 
the modern calculation). See Toomer [1984], p. 58; Glowatzki and Gottsche [1976], 
p. 65; and Toomer’s review of the latter [1977], p. 22. 

82 It is tabulated for every of arc and the only values in the third sexagesimal 
fractional place of the sines are 0 and 30 (with only two exceptions, 15 and 45, 
in the 360 entries) - an indication that each sine had been calculated by halving 
something, presumably a chord, given to two sexagesimal fractional places. 
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as he said, evidently making a reference to Almagest VIII 5. In his 
calculation of azimuths, however, he uses the so-called Rule of Four 
Quantities (Chapter 3, lines 257-258). This is not so very remarkable, 
since Ptolemy’s first application of Menelaus’ theorem, to find the dec¬ 
lination of a point on the ecliptic, is tantamount to a statement of the 
rule 53 . 

The tables 

For an analysis of the tables the reader is referred to the work of 
Charette 54 . Only a few remarks will be added here. After some initial 
tries, Charette reached the conclusion (as did the present writer) that 
the sine table underlying Table 1 was a sine table with sines in parts, 
minutes and seconds. With this hypothetical sine table he removed 
most of the errors of Table 1 shown up by modern recomputation. High 
values of the argument (here called 6) yield values of the result that 
are sensitive to slight variation in the values of the sines used to work 
them out. Of the last four entries the use of the hypothetical sine table 
produces an error only in the result for 8 = 178. The use of Ptolemy’s 
chord table (or Habash’s sine table, which appears to reproduce a chord 
table - see above) yields perfect results if variable rounding is applied 
(in every case the rounding is of 30"', to make an extra 1 " or 0": if the 
result is rounded down in the second fractional sexagesimal place for 
6 = 176 and 179 55 and up for 8 = 177. Since al-Farghanl’s practice in 
rounding 30" in Table 4 appears to obey no law and we may suppose 
that the same may be said of whoever compiled the sine table used by 
al-Farghanl, the suggestion is here made that al-Farghanl used a sine 
table based on a chord table, probably Ptolemy’s. 

Table 2 has already been discussed (see sections 4 and 6 above). 
For the star table (Table 3) the reader is referred to the commentary 
placed after the table itself in the translation below. In Table 4 each 
entry is calculated by halving the sum or difference of two values in 
Table 1. Thus there is frequent necessity for rounding j*. The “hours” 
for each latitude, i.e. the hours of maximum daylight, correspond to e 
= 23;51° 86 . 

53 See Lorch [2001], pp. 395-397. 

64 Charette [1998], 

66 In this case Habash’s value for the sine is the one that produces the result in 
the table. 

58 See Charette [1998], p. 7. 
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9 . Two texts based on al-Kamil 

L An anonymous summary /Ikhtisar/ in a Tunis manuscript 

An anonymous text in 14 folios in the Bibliotheque Nationale de Tunisie, 
MS 12983, presents an abbreviation of al-FarghanT’s treatise. It con¬ 
sists mostly of cut-and-dried formulae. On ff. 9v-10r it gives the date 
681/1282 -3 for a star table and explicitly attributes the precessional 
value of 1° in 70^ years to Ibn Yunus. 

2 . Al-BakhdniqVs extension of al-Kamil 

In MS Dublin, Chester Beatty 4090, there is a “Book of the completion 
of the construction of the astrolabe” by the erudite sheikh Shams al- 
Dln Ahmad ibn Muhammad al-Azharl al-Bakhaniql. The author says 
in the introduction that he wanted to complete al-FarghanT’s treatise, 
which only considered geographical latitudes of 0° and 15(1)50°. In the 
tables after the text he indeed gives values of the various quantities for 
all latitudes. Most of his text is, like the summary considered above, 
taken up with brief formulae. 

At-BakhaniqT compiled these tables for Abu Hafs ‘Umar, the 
vizier and qadf of al-Mujahid, the Rasulid Sultan of the Yemen (r. 
721-764/1321-1363) 57 . 


10 . The manuscripts 

Al-Kdmil is to be found in the following manuscripts, listed in the 
order of citing them in the apparatus to the text, with their sigla. 

C Berlin, Staatsbibliothek, Landberg 58, 60 ff. (Ahlwardt 5791), 778/ 
1376-77. 

B Berlin, Staatsbibliothek, Landberg 56, ff. lv--77r (Ahlwardt 5790), 
ca. 900/1495. 

T Tehran, Majlis 6412, ff. 2r-48v, beginning (only f. lv?) missing, 
8c./14c.. 


57 See King [1983], pp. 34-35. King reads “Abu Ja'far”, not “Abu Hafs”. 
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S Tehran, Sipahsalar 702, 144 pp., ?12c./18c 58 . 

D Berlin, Staatsbibliothek, or. quart. 99, 37ff, (Ahlwardt 5792), 783/ 
1381-82 (Tables in Chap. 4 to Chap. 7 only; Table 2, on ascensions, 
missing). 

M Meshhed, Rida 392 (old no.: 5593), pp. 128-156, 867/1462-63 (see 
below); ends just short of the tables in Chapter 4. 

L London, British Library, Or. 5479, ff. 37v-85r (old foliation: 33v- 
75r), 13c./19c. 

K Kastamonu, Halk Kutiiphanesi 794/4, pp. 89-170 (two or more 
hands). 

P Paris, Bibliotheque nationale de France, ar. 2546, ff. 52v-91r, 1107/ 
1695-96. 


There are further fragments 59 , which have not been used in the edition. 
Related material in the codices 

In B, following al-Kamil , there are some shorter texts on the astrolabe 
and other instruments, for which see above, section 5 60 . Ff. 61v-66r 
of MS T contain an acephalous copy of Ibn al-Salah’s treatise on pro¬ 
jection (Part I, Prop. 13 to the end); and in ff. 49v-60v there is a 
text on the instrument dhdt al-shu'batayn. L has several items of re¬ 
lated interest: Abu M-Salt on the astrolabe (ff. 2r-36v), Sharaf al-DTn 
at-TusT on the linear astrolabe (ff. 86r-104v) and ‘All ibn ‘Isa on the 
horizons plate ( al-dfdqtya ) (ff. 105r-107v). M and Meshhed 393 (old 
number 5521) were originally one volume; all fourteen items in the 
two manuscripts are mathematical, but there is no further astrolabe 

58 The colophon is dated to the last day of Rabl c 1, 653 [=13 April, 1255], but 
since the writing seems much more recent, the colophon was probably copied with 
the text. On the titlepage there is a notice that the manuscript came into the 
library of 'Aliqull MTrza on the last day of Rabf I, 1276 [27 October 1859]. 

59 King [1986], item B18 on p. 34, col. 1, mentions the following fragments in 
the Egyptian National Library in Cairo: Dar al-Kutub, mlqat 103, ff. 29v-56v, ca. 
750H [date in another text, f. 72r: 675H], from Chap. 1, line 15, to the tables in 
Chap. 4; Dar al-Kutub, mlqat 106, ff. 13r-33v, ca. 1200H, some tables only; falak 
wa-riyada 3815,6, 183r-198r, ca. 1100H; Dar al-Kutub, mlqat, 644,3, Table 1 only. 
Brockelmann (1 p. 250 221 in orignal pagination) gives, under the title k . Mma/ 

al-asturlab, RampGr I, 42, 64 b, and under Gadwal al-Fargdnti Patna II, 336, 2520 »a- 
The last item may well be some or all of the tables in al-Kamil 

60 See King [1983a], p. 45. For editions of these texts, with commentary, see 
Charette-Schmidl. 
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material 61 . Much of the first 51 folios of MS P is taken up with instru¬ 
ments, inter alia quadrants, and astronomical tables (some of them 
unfilled). 


11. Editorial conventions 


The edition has been established from CBTSD, readings from the 
other manuscripts being recorded only in problematical passages. For 
a brief section edited from all manuscripts, the reader is referred to 
Chapter 1. 

The apparatus contains manuscript readings that deviate from 
the edited text. The abbreviations used in the apparatus are the con¬ 
ventional Latin abbreviations (e.g. tr. = “transposuit”). A second ap¬ 
paratus is used for deliberate additions and marginal notes that are 
comments and not just omitted text. 

Angle-brackets <> contain words that are considered to be in the 
original text, but do not appear in the manuscripts; square brackets 
] contain words, e.g. proposition numbers, added for convenience by 
the editor. In the translation, square brackets contain words added by 
the translator to facilitate understanding; round brackets ( ) are part 
of the normal punctuation. 

In the Arabic text, the orthography of hamza and of the alif 
maqsura and the writing of numbers have been silently corrected. Triv¬ 
ial differences in pointing, e.g. yakun for takun, are not reported. 

The diagrams are drawn mostly to accord with the text. Some 
features have been taken over from the extant diagrams, preference 
normally being given to MS C 6a . 

For the tables S has not been used because of difficulties with 
reading the copy available and the relatively low value that S-readings 
have in the rest of the text. Of the remaining manuscripts CD and 
BT form two groups in the transmission of the tables. Since there 

81 For a detailed list of contents, see Tootner [1976], pp. 26-31. The date 867H is 
on the first page, originally the last, of MS 393. 

82 For special difficulties of the diagrams with letters used twice, see above, last 
paragraph in section 4. 
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are many places where the CD reading and the BT reading cannot 
reasonably be explained as scribal mistakes in copying one from the 
other, it appears that CD are the representatives of one original and 
BT of another. Accordingly, it makes no sense - it does not bring us 
to the ancestor of CBDT - to mix CD and BT readings. Since, by 
comparison with recalculated values, CD is much better than BT, it 
was decided to reconstruct the original of CD; the BT original can be 
deduced from the apparatus, if desired. Thus CD readings are always 
preferred to those of BT, except where BT is closer to the calculated 
value and the CD reading could be understood as a scribal error in 
copying that of BT. Readings in the apparatus that are closer to the 
recalculated values than those accepted in the text are marked by an 
asterisk, *. 


12. Mathematical symbols 


The notation usual in English mathematical textbooks is used here, e.g. 

= “therefore”, = “since”, ABG = “angle ABG ”, B = “angle 
B'\ AB = “arc AB”, A = “triangle”, || = “is parallel to”, -L = “is 
perpendicular to”, ~ (of triangles) = “is similar to", ~ (of quantities) 
means the positive difference. To these we may add 0 = “circle”, Cd 
= “chord”. 

6 = a(/3)7 means that 6 takes the value of a and then is increased 
in steps of /3 until it reaches 7. 

The medieval Arabic jayb is represented by “Sin”. In a circle of 
radius r, Sin AB = r sin AB. 

A horizontal line over a quantity indicates the complement of the 
quantity; thus S means 90° - 6. 
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j Jl { JJp m jll <1)1 ^»J 
\Jf Jl Jpj ju* <1)1 JL^j Vj <1) juAI 

cLJLkJI aaJ. 1 (^jl a^I JU 

^JoDl ^JLf- -ui ly <iUu)1 ^ lyS^I 

5 Jlil oli .Ml ^J\)l <jS/l ^OjIaII O^M <j ly!-CL*I U 

<jIS^»- SjIal-1 j dllfl.ll <ljb jfcj) (ji*j U LbyJLoP lySj 

iJ^Uyj ji^il joJaf-Sl dULflJI i^>- 

L J\ ^^ JJUl vJ] <3/“^ 

joJclpVI dLLflJl ^S' ojjjAl oLJaJj £j^Jt dllill 1.ijy t3yill 

io c^ai^JL a ^*JLI JjbS iWI OAA <j l^JAL*1 La ij <1jJI^ 

dJJLiJl jJP ^JlP <jh Iaj 4 ejMjio-**SI il^ll Ijla-C* ^JbLutj^ 

^JlSl j dlliJI oK^ ij* L^ 

Jl i^-U-t u> U ly, ^-Lillj l,^-* J j-'sll 
* * «■ 

Sfj lilb ^LJ |O^v0 Ia>I ^jl LaJLj L|/d jJ j L^wmA ^ <Ln)t UjM 
15 It ij]j l*y ^Ul (Jla« " .»! jjlCi ots" j Ko^mj 

l ^-j ] (in. 1 - 30 : V. append, ad textnm S 1 -1 ] Jji C 2 LjtT... .lJ.1 ] om. C 

7 4^Uj ] wU j C 5-9 Jr/ll ... iij>j ] om. B 9 jJii ] ul ii B il } txJo B,«mU- 
C 13 |jj>ij ] IjJ—B 
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In the name of God, the Merciful, the Compassionate. With Him I seek 
help. 

Praise to God, Lord of the Worlds, abundantly. May God bless the Prophet 
Muhammad and his family and give [him] peace abundantly. 


Ahmad ibn Muhammad ibn KathTr al-Farghanl said: the former schol¬ 
ars of mathematical astronomy [Atsd6 al nujum] reached the under¬ 
standing of the motions of the sphere 1 and what appears in it by per¬ 
severance in theory [nazar] and observation [giyas]. The observational 
instrument with which they achieved most was the instrument that is 
called the armillary sphere [dhat al-halaq ]. They made it according to 
what was clear to them of the form of the sphere in the circularity of 
its motions and especially the two principal motions, i.e. the motion 
of the greatest sphere, which turns all the spheres from east to west, 
and the motion of the oblique sphere, which belongs to all the planets, 
from west to east - this sphere is the sphere of the signs and its poles 
rotate about the poles of the greatest sphere. The reason for the cor¬ 
rectness of what they achieved with this instrument is plain to those 
versed in geometry. We have seen that they [also] made the instru¬ 
ment, called the astrolabe, flat [mubattah ], different from the shape of 
the sphere. With it they found [the explanation of] much of the mo¬ 
tions of the sphere and the difference of night and day in the climates 
of the Earth. In constructing it and observing with it they proceeded 
according to what is required by the need to understand the reason 
for what it looks like and the correctness of what it shows. It has not 
reached us that any of them explained that or laid it down in a book. 
People’s use of it was by way of following their [sc. the former scholars’] 
tradition. 


l folak. In this introduction the word hum occurs only in the combination kurat 
al-fatak, which is translated as “sphere of the heavens”. 
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Lajl £Loj jjlil oli ill £ j£_ ll liUjll If: 

jK!i 1,4* Jj- JJj ^ ^ j u^i jl o)j 

*> 

Jl Liloj J <—a**y j** oap lo-a j*^l oLLil j* UjSj La 

lyO^J ^ALlI jl lyJbyj ^Jp 1^*1 \yf j 0> 

20 dUj J <i_ y *ll ^^Jl; jXfa j\5j JlP ^Jp IfloA* i^aIpI 

^JlP joJtAlP <JLp £-aJ La ) JiP (w»SSI Jp ly (J^JAj 

v jo LaU Ltr dUJdi ut u* j*- j* ^ l. lj>u 

l^dS^ U*A>-j Ly^i !LJI ujS^ lo-^Sl i-^A <l«p L* 

dlliJl 5/* ^p v^jS^lo-.SI ,J J£-5aj ^jJl yljAll £ 2 ^ jd^LLa ^l^il^lj 
25 l^Lp il* j- oilU- L Jf JUajlj ^ijSI ^\y l^j 

i^^lj JISaj dUi ^ l-»L JS^ Jp ,jbj filaAiJI <Jp ^J«p eJ-iJl 
La jAjLj J_jiJI j* jlrfjj jr° jLmM J i**-A^ 

j LjhI^I jlj ^yn^l i*-A^)li ^LJl J W 5 ‘*1 

obj^al jay^ J tlaJLJl lo«a Jl 4*lp JAj U-o 

30 1 ^ly l K*^* J yAil)l Iaa LallS^ J L-o^j La Ll«j>-j \als 

< V S>Jjl JLa ap JLp ly Jal-j L-a^ JKLsI ^ASJ J JjSI ^y)l 

J7 j£» ] B 18 Ifd ] l,^. C J8 Uj 1 ^*1 B 19 oLi±l Jt. | dj**+i B 19 0^] h* c 

incipit T id V^L-J ) Ir^-J T 21 Jt 1 ] J\ B 21 Ut ] aupro T 21 J* 3 I BT 

22 itWj LP J >LPj Li C 22 LP j iUtJT 22 LtTJ LtTC, li* LtTT 23 *L*] J*a BT 
24 0^1 ^ B 25 I ^r^-B 25 t^l e-r^W-BT 25 1+U-] C 26 o^jMJ 
B 26 JJSju ] JJjo B 27 obU^j ] com man?, in oliU^jT 28 W»] om. 

C 28 ^Lo^] v LJ-lj aupm T 29 JJ] om . B 29 <-Aj] B 30 j-J.) 

31 JjSt ] 1 etc. pro his formulis T 31 *1* ] om, C 
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* 


The motions of the sphere that are obtained by it are consistent with 
what is obtained by the armillary sphere and also [with] what is ob¬ 
tained by calculation, though there is in that no proof of its correctness 
and no evidence of its theoretical basis. The dubiousness of the matter 
in it that we have mentioned induced a number [of people] renowned in 
our time for knowledge to maintain that it cannot be made according 
to reality; they imagined that the one who undertook to make it made 
it at random, not strictly correct and not [based on] safe knowledge. 
They laid down a method as far as they understood the matter, lead¬ 
ing to the making of the astrolabe according to what they thought to 
be right, contrary to its still being made according to supposition and 
imagination. So I wrote a comprehensive book in which I demonstrate 
the correctness of the form of the astrolabe as made by the Ancients 
[al-awwalun], its theoretical basis, the truth of what it shows, the ob¬ 
taining of the sizes of all the circles that are formed on the astrolabe 
to replace the sphere of the heavens, the description of their construc¬ 
tion on it for all regions of the Earth, the refutation of everything in 
the form of its construction which contradicts the way in which the 
Ancients [ al-qudama ,;’] proceeded. We shall accomplish each chapter of 
that with clear demonstrations and geometrical proofs in an abbrevi¬ 
ated form of description, in few words, and in such a way that one of 
middle standing in the science of geometry and mathematical astron¬ 
omy can understand it. If I need, in something that it shows [i.e. some 
astronomical phenomenon shown by the astrolabe], to have recourse to 
the testimony of something laid down by the scholars in their books, I 
only pass over it superficially. For a good distribution of what I have 
laid down in this book of mine, I have divided it into seven chapters: 
the First Chapter, on setting out geometrical propositions leading to 
the rationale of the form of the astrolabe; 
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U»jU»3 J\j> ^JmJi\ £k~ J JCal oli Jtj-UI j. dUill 

j £*? jdl JljjJl ii J** j £^)l * 

35 jJjI" j ^IJI ‘ 4 _jLJ»L \*ff\/> 

^ULl £^ll ‘ JjLAl j ^)15^ W/lr 4 ^lyy IfA-*!* Jls*^ 

vJ-all s- o- ^ iH J* / U J* v*>-^ ^ «- J 

i^Joa)! <*» J^> oMjk-'JI <*-* j (jOLJl ‘ Jtwi)' 

JaJaJtf V>» ^ (**£< l» O' J ' <J->*^' 

40 • (j-'-aJl <J Cr** ^ li 0 ^** o^i-pj U Wli 


JjSI 

tj'y.-Ml cLa < 1 p ( JLp Jji-j v-iX* J^-il ^_aa» j 


jL l -_i*^H is-\L*e j <i«jlll -la* j ^AlUl* [l] 

JaaM <]aU Ju. ji^j ^1 U* l*jl«S C.J^-5 i>v' «/'-» 

5 v » LS W j £j ^ ‘-V’ £V jb l/W' J c.-^- 5 Sj5 ' jJ * U" 1 * * * 5 6 ** 
i Ju ») jjlLSj ^Jlc- *jLli5.» Oj Jos* J] iolll—il UaAiiij ■>• £ 
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the Second Chapter, on the demonstration of the theoretical basis of 
the form of the astrolabe and that all the circles formed on the sphere 
of the heavens are formed in the plane of the astrolabe as circles and 
straight lines; the Third Chapter, on knowing how to obtain by calcula¬ 
tion the quantities of the circles that occur in the plane of the astrolabe 
and the positions of their centres; the Fourth Chapter, on establish¬ 
ing in tables the quantities of the circles and their divisions and the 
places of their centres for all the climates; the Fifth Chapter, on the 
manner of delineating the astrolabe as it is always made, with respect 
to the north pole; the Sixth Chapter, on the manner of delineating of 
the astrolabe with respect to the south pole; the Seventh Chapter, on 
[the assertion] that all that is imagined of the form of delineating the 
astrolabe different from what we describe is not possible in practice 
and not correct in [its] application. 


Chapter 1 

On presenting geometrical propositions, from which conclusions 
can be drawn on the rationale of the form of the astrolabe 


[1] Let us begin by presenting propositions of great usefulness in the 
art of geometry. We describe circle ABGD and draw its diameter, on 
which are A G\ through point A we pass line EZ tangent to the circle; 
in the circle we draw chord BH, however it falls; we draw lines GB HG 
and produce them in a straight line to line ZE to cut it at points K T. 
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I say: triangle GKT is similar to triangle GHB, angle TKG is equal 
to angle GHB and angle KTG is equal to angle HBG. 


G 



Proof: from point B we draw a perpendicular to diameter AG, on 
which are B L\ we draw line AB, and so angle ABG is right, because 
it is on the diameter of the circle. From it perpendicular BL has been 
drawn to diameter AG. Therefore triangles ABL LBG are mutually 
similar and similar to triangle ABG. Therefore angle LBG is equal 
to angle BAG. But angle LBG is equal to angle A KG, since lines 
AK LB are parallel. Therefore angle AKG is equal to angle BAG. 
And angle BAG is equal to angle BHG, since they are on the same 
base. Therefore angle AKG is equal to angle BHG. And angle BGH 
is common: therefore there remains angle HBG equal to angle KTG. 
Q.E.D. 
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[2] Now that we have set out this proposition, let us prove that 
[for] every cone whose base is a circle contained by a sphere, [if] the 
diameter of the sphere is drawn from the apex-point of the cone, and 
then at the end-point of the diameter opposite to the apex-point of 
the cone a plane is extended tangent to the sphere, and the surface of 
the cone is extended in continuation [‘ala istiqama] until it cuts the 
surface tangent to the sphere, then the common section is a circle. 


A 



Example 2 : cone ABGD , whose base is circle BGD (whose di¬ 
ameter is BD) and the apex of the cone is point A, [and the cone] 
is contained by sphere ABZHE. From the apex-point of the cone the 
diameter of the sphere is drawn, on which are A Z. Tangent to the 
sphere at point Z a rectilinear plane is erected, on which are T Q Y. 
The surface of the cone, which begins at point A and ends at 


2 The reader may find the diagram in the mathematical summary more 
convenient. 
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base BGD, is extended in continuation to plane TQY , their common 
section becomes KLTN. I say: line KLTN contains a circle. 

Proof: the plane of circle ABZH comes to bisect both the sphere 
and the cone. We extend it in continuation to plane TQY. Therefore 
circle ABZH is the common section of the sphere and the plane that 
cuts it, and its diameter and the diameter of the sphere is line AZ\ 
triangle ABD is the common section of the cone and the plane that 
cuts it; line TY is the common section of plane TQY and the plane 
that cuts it; and line TK is the common section of plane KLTN and 
the plane that cuts it. It is clear that line AB is the shortest of the 
lines that emerge from point A to base BGD and line AD is the longest 
of them. In this way every cone in a sphere is cut so that these two 
lines from the cone are in the plane cutting the cone. We bisect line 
TK at point M, and from point M we draw a line to any place we 
want on line KLTN - it will become clear that it is equal to line KM. 
Let us draw line ML 3 and lines KL LT. We extend in continuation the 
surface of the cone and the plane that cuts all the planes. We imagine 
plane SLO [ 1 ] cutting plane KLTN, which cuts the cone, [ 2 ] [cutting] 
the cone at point L and [3] parallel to circle BGD. So it is clear that 
surface SLO is a circle, as Muhammad ibn 


3 L is the “any place” on line KLTN. 
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Musa 4 proved in his book on the sphere. Let line SO be the common 
section of circle SLO and plane AZT, which cuts all the figures, and it 
intersects line KT at point F. But plane AZT cuts the planes of circles 
BGD SLO, which are parallel and in one cone. Lines SO DB are the 
common sections and line DB is the diameter of circle BGD. Therefore 
line SO is the diameter of circle SLO. Therefore planes KLTN and 
SLO cut each other at point L and they both stand on plane AZT 
at a right angle on lines SO TK. Therefore their common section is 
perpendicular to plane AZT, as Euclid 5 proved, and it is line LF. Angle 
AZT is right, since line AZ is perpendicular to the tangent plane TQY, 
and therefore with every line emerging from point Z in plane TQY it 
contains a right angle. We have already proved in the preceding that 
angle ZTA is equal to angle ADB. Angle ADB is equal to angle A50. 
Therefore angle ASO is equal to angle ZTA and angle KFS is equal to 
angle TFO % . There remains angle TOF equal to angle SKF. Therefore 
triangles SFK FTO are similar. So the multiplication of KF by FT is 
equal to the multiplication of SF by FO. But the multiplication of SF 
by FO is equal to the multiplication of LF by itself, because line LF 


4 “Ibn Shakir” add. P. 

5 S infra and P in textu give the reference: XI 19, 

6 “because they are opposite each other” add. S 
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is perpendicular to line SO and SO is the diameter of circle SLO. 
Therefore the multiplication of KF by FT is equal to the multiplication 
of LF by itself. Therefore it is clear that angle KLT is right. Diameter 
KT has been bisected at point M. From point M a line ML is drawn. 
So line ML is equal to each of lines KM MT. Through this procedure 
it is clear that each line emerging from point M to any place on line 
KLTN is therefore equal to each of lines KM MT. Therefore line KLTN 
is the circumference of a circle whose diameter is KT and whose centre 
is point M. Q.E.D. 

[3 ] 7 Since what we have set out of the proposition of the cone 
has become clear, there remains for us to prove that the line emerging 
from the apex-point of the cone and passing through the centre of its 
base in the sphere does not pass through the centre of the circle of the 
common section in the plane tangent to the sphere at 8 point Z. Let us 
repeat the diagram. Let us bisect the diameter of the base of the cone 
in the sphere at point D. From point A we draw line AD and produce 
it to line TK, so that it falls on point E. Where line EA cuts the circle 
we mark point M. Line GB is bisected at point D. From point A line 
AD has been drawn, ending at the line and not passing through 


7 “Know that there is between the two great circles [a distance] less than this 
distance; so the small circle is narrower than it [is]” add. B before this proposition. 
No doubt this sentence was originally a marginal gloss on the previous theorem, 
but the meaning is unclear. 

8 For “at point Z ... sphere”, S has: “Example: the cone is ABG, its apex point 
A, it is contained by sphere ABG and the diameter of the circle [sic] of the cone is 
line BG. We bisect BG "; B has only: “Example: cone ABG”. 
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the centre of the circle 9 . Therefore arc GAf is smaller than arc MB . 
Therefore angle GAM is smaller than angle MAB. From angle MAB 
- [lying] along line AB - we cut off angle BAL equal to angle GAM . / 
say: point L of line TK is the centre of circle KHT 


A 



Proof: angle TAL is equal to angle GAD and angle LTA is equal 
to angle DGA: there remains angle GDA equal to angle ALT. Therefore 
triangles ALT ADG are similar. Therefore the ratio of GA to AT is 
as the ratio of GD to TL . In the preceding we have proved 10 that the 
ratio of GA to AT is as the ratio of BG to TK . Therefore the ratio of 
GD to TL is as the ratio of BG to TK . Then, altemando , 


9 “I.e. the circle of the sphere” marg. T. This sentence (and possibly the previous 
one) may be a superfluous insertion or it could be a statement of the proposition 
with reference to the diagram. 

10w FVom the similarity of triangles ABG ATY in the first proposition [or in the 
first figure]” odd. S. 
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the ratio of DG to GB is as the ratio of LT to TK. GD is half of line 
BG: therefore TL is half of line TK. TK is the diameter of circle THK. 
Therefore line AD, which emerges from the apex-point of the cone and 
passes through the centre of its base in the sphere, cuts diameter TK 
at point E, not at the centre. Q.E.D. 


Chapter 2 

On the demonstration of the rationale of the form of the astrolabe 
and that all the circles that are formed on the sphere of the heavens 
are formed in the plane of the astrolabe as circles and straight lines 


Now that what we have set out of these propositions has become plain, 
it is easy for us to look for the proof that all the circles that are formed 
in the sphere of the heavens are formed in the plane of the astrolabe 
as circles, except the great circles that intersect on the sphere of the 
heavens at the poles; they are formed in the plane of the sphere as 
straight lines. I say , to sum up, that when a circle on the astrolabe 
plate is supposed as the course of one of the degrees [jtiz?] of the sphere 
\falak] parallel to the equator 11 , all that occurs in the sphere of the 
heavens between the north pole and the course of that degree occurs 
[likewise] in the astrolabe plate; and what is between the course of that 
degree and the south pole does not occur in the astrolabe plate. The 


11 Here the circle that is projected into the outermost circle of the astrolabe plate 
is meant. In the northern astrolabe this is normally the course of the first degree 
of Capricorn. — “going through the first point of Capricorn” add. S. 
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complete circles between the north pole and the course of that degree 
are formed in the plane of the astrolabe as complete circles; and those 
of them that are severed [inqata'a] on the sphere of the heavens by the 
course of that degree are severed in the plane of the astrolabe by the 
circle embracing the plate (just as they are severed on the sphere of 
the heavens) - when the astrolabe is constructed with respect to the 
north pole. When it is [constructed] with respect to the south pole, it 
is the opposite of what we mentioned. But we shall set out the proof 
of what we described item by item. That is followed [in Chapter 3] by 
devising the calculation. 



Let us describe the circle of the meridian, on which are A B G 
D, about centre E and draw its two diameters intersecting at a right 
angle. We make point B the south pole and point D the north pole; 
and so line AC is the diameter of the equator circle. We imagine a 
rectilinear [i.e. one contained by straight lines] plane tangent to circle 
ABGD at point D. In the plane we draw line ZDH and we imagine 
the circle described about centre D and with distance DH, standing on 
the meridian plane at a right angle - it is the plane of the astrolabe. 
We want to show how all that can be drawn of what is in the sphere 
of the heavens is formed on it [sc. the astrolabe plate]. 
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[1] We show first that the great circles that intersect at the poles 
of the equator are formed in the plane of the astrolabe as straight lines. 

Proof: When point B of line BD is fixed and line BD is rotated 
around circle ABGD, it passes in the plane of the astrolabe through 
line HZ. That is known in another way: when the plane of circle ABGD 
is produced rectilinearly to the plane of the astrolabe so that it cuts 
it, then their common section is a straight line. Similarly we show that 
all the great circles that intersect at the poles of the sphere of the 
heavens, which are meridian circles [dawd’ir ansdf al-nahar wa ’l-layl ], 
are formed as straight lines, and they all intersect at D. 

From point B to points Z H we also draw lines BZ BH 12 , cutting 
the circle of the meridian at points T Y. It is clear that arc AT is equal 
to arc GY. We draw line TY cutting line BD at point A' at a right 
angle. Therefore the circle described about centre K and with distance 
KT is parallel to the equator. The surface of the cone whose base is 
this circle and whose apex is point B is produced rectilinearly 


12 “lines DZ DH being equal, therefore lines BZ BH” add. S; “and lines DZ DH 
are equal” add. B (in the wrong place, after “points Z H”). 
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to the plane tangent to the north pole, which is the plane of the astro¬ 
labe: their common section is a circle whose centre is point D. Because 
the two circles are parallel, when we fix point B of line BZ and rotate 
line BZ around the circle described on line TY until it returns to its 
[original] position, it passes through the [maximum] circle of the astro¬ 
labe plate, i.e. the circle described on diameter ZH. We show that the 
degrees of the circle \falak] whose courses [madarat] cut the meridian 
circle between points D T fall on the plane of the circle of the astrolabe 
whose diameter is ZH ; and that [circle] whose course cuts the meridian 
circle between points T B does not fall in the plane of the astrolabe 
circle. It is also clear that we cannot draw the south pole in the plane 
of the astrolabe made for the north pole 13 , because the planes tangent 
to the sphere at poles D B are parallel and it is impossible that they 
meet. Thus the poles are fixed, immobile; and all that falls in the plane 
of the astrolabe [in places] other than its pole is mobile. Therefore it 
is impossible that the two poles both occur in the astrolabe 14 . 

[2] Now that what we have set out has become plain, let us show 
how the circle of the zodiac is formed in the plane of the astrolabe. 
We redraw the diagram and make arc AT equal to the degrees of 
declination of the zodiac circle from the equator circle. So point T is 
the place of the beginning of Capricorn; and the circle of the plate 
described on diameter DZ is for the courses of the degrees that are 
between 


13 “similarly, we cannot draw the north pole in the plane of the astrolabe made 
for the south pole” add. T. 

U “Q.E.D.” add. T. 
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the north pole and the course of the beginning of Capricorn, and its 
circumference is for the course of the beginning of Capricorn. From 
point T we draw the diameter of the zodiac circle, on which are T E 
K. So arc GK is for the degrees of declination on the north side. We 
draw line BK and produce it to the diameter of the plate, meeting it 
at point L. We bisect line ZL at point M. I say: line ZL is the diameter 
of the zodiac circle and its centre is point M. 


B 



Proof: the surface of the cone whose base is the circle described 
on diameter KT in the sphere is produced rectilinearly to the plane 
tangent to the sphere: the common section is the circle whose diameter 
is ZL and whose centre is point M. When we fix point B of line BZ and 
rotate line BZ around the zodiac circle in the sphere until it returns to 
its [original] position, it rotates around the circle of the zodiac in the 
plate and its points T K of the sphere fall as points Z L in the plane 
- they are the [first] points of Capricorn and Cancer. But because 
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the circle of the zodiac in the sphere is not parallel to the circle on the 
plate, the centre of the zodiac falls outside of the centre of the plate. 

[3] It is also clear from what we have set out that the meridian 
circles are formed in the plane of the astrolabe as straight lines inter¬ 
secting at the centre of the plate. These circles are those which in the 
sphere divide the equator circle according to the divisions of the zodiac 
into degrees of ascension at sphaera recta by lines going through the 
centre of the plate, dividing it [sc. the equator circle] in the plate also 
into those divisions. Q.E.D. 

[4] Now that what we have set out is clear, let us show after that 
how the altitude circles are formed in the astrolabe plate - they are 
the circles parallel to the horizon plane and their poles in the sphere 
are all the zenith. We also show that they are formed on the astrolabe 
as circles whose centres are ail on the meridian line, in different places 
on it. Let us redraw the diagram and from point G in the circle of 
the meridian let us take arc GB in the amount of the latitude of the 
climate. We draw diameter BED; it is clear that it is the diameter of 
the horizon. We draw lines GB GD and produce them to line ZH : 
they cut it at points Z L. The surface of the cone whose base is the 
horizon circle in the sphere and whose apex is point G is produced 
rectilinearly to the plane of the plate. Their common section is a circle 
and its diameter is ZL. Also from point B we take arc BS and make 
it 30°. We draw line SO parallel to BD. So 
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line SO is the diameter of the circle whose altitude from the horizon 
is 30°. We draw lines GS GO and produce them to line ZH ; they cut 
it at points N M: so line NM is the diameter of the altitude circle in 
the plate, as we have shown in the horizon circle. We bisect arc 05 
at point F: point F is the zenith in the sphere for this climate. We 
draw line GF and produce it to line ZH, cutting it at point T. Point 
T is the zenith in the plate and its distance from points L Z is 90°. 
Angle TGN is equal to angle TGM, because arcs OF FS are equal. 
Line GA is perpendicular to line MT : base MT is shorter than base 
TN, because the ratio of triangle MGT to triangle TGN is as the ratio 
of base MT to base TN and angles MGT TGN are equal and line GN 
is longer than line GM. If we cut from line GN the equal of line GM, 
which is GQ, and we draw TQ, lines TG GQ are equal to lines TG 
GM. Therefore triangles MGT and TGQ are equal. And triangle TGN 
is greater than triangle TGQ, and so it is also greater than triangle 
TGM. Therefore base TN is longer than base TM. Therefore we bisect 
line MN at Y; so point Y is the centre of the circle of altitude 30 
degrees in the plate. Again, angles LGM ZGN are equal, and, as is in 
the preceding proof, base LM is shorter than base ZN. Lines YN YM 
are equal , and so line YL is shorter than line YZ. We therefore bisect 
ZL at K: point K is the centre of the horizon circle in the plate. Now 
it is clear that the zenith point falls on 
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the meridian line at T, the centre of the circle of altitude 30° at Y, and 
the centre of the horizon circle at K. Similarly it is clear that, [of] all 
the altitude circles, whichever of them is farther from the zenith point, 
its centre in the plate is more distant from point T than [is the case 
for] those near to it. 


G 



It is also clear that when the altitude circles are drawn for a 
place on the Earth whose latitude is 90°, arc GB is 90° and diameter 
BD cuts diameter AG at right angles and point A is the place of the 
zenith both in the sphere and in the plate. The altitude circles fall on 
the plate parallel, their centres all being point A. As for the place of 
no latitude, the horizon circle in it falls in the plate as a straight line, 
because the horizon circle there is one of the great circles that intersect 
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£t the poles of the sphere; we have shown that they fall in the plate as 
straight lines. Q.E.D. 

[5] Let us show, according to the sequence, how the azimuth 
circles are formed in the plane of the astrolabe - they are the great 
circles that all intersect on the heavenly sphere at the zenith point and 
the point that is opposite it. We describe the meridian circle, ABGD, 
about centre E and diameter AEG. Through point A we pass line ZH 
tangent to the circle, as we did in the preceding. From point G, in the 
meridian line, we take arc GB in the amount of the latitude of the 
climate and draw diameter BED for the horizon circle. We bisect arc 
DAB at point T: point T is the zenith. We draw diameter TEY. So 
the azimuth circles in the sphere all intersect on the meridian circle at 
points T Y. We draw lines GT GY and let them run through to line 
ZH in the plane of the plate: they cut it at points Z H. So the zenith 
point and the point that is opposite it in the sphere fall in the plate at 
points Z H. We bisect line ZH at point K : point K is the centre of the 
azimuth circle of the rising-point and setting-point of Aries and Libra. 

I say that this circle intersects the horizon-circle on the plate 
for the climate and the horizon line of the sphaera recta at two points 
common to the two of them, because these three circles all intersect in 
the heavenly sphere at the points of rising and setting of the equinox, 
and the points of rising and setting of the equinox 
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fall on the plate at the two points at which the horizon circle of the 
climate and the horizon line of the sphaera recta intersect. So the 
azimuth circle of the rising-place and setting-place of the equinox, of 
which the diameter is line ZH and the centre is K, intersects the horizon 
circle at those two points. I say also that if we draw line LKM at a 
right angle to line ZH, the centres of the azimuth circles all fall on line 
LKM. 



Proof: the azimuth circles all intersect at points Z, H. Therefore 
line ZH is a chord in all the circles. It is bisected at point K and line 
LKM is produced in 
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both directions cutting line ZH at a right angle. Therefore line LKM 
goes through the centres of all the azimuth circles on the plate. Q.E.D. 

[6] Let us also show how in the plane of the astrolabe the great 
circles are formed [which are] drawn in the heavenly sphere through 
the two points at which the horizon circle and the circle of the meridian 
intersect, which are the circles that divide the ascensions of the signs 
unevenly between the horizon circle and the circle of the meridian in 
every climate. 



We describe the circle of the meridian, ABGD, on centre E and 
diameter AEG. Through A we pass line ZH tangent to the circle. From 
point G we take arc GB in the amount of the latitude of the climate 
and we draw the diameter of the horizon, BED. We draw lines GB, 
GD, 
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and let them run through to line ZH, cutting it at points Z, T. So 
diameter BD is common to the horizon circle and the great circles 
that intersect at points B D. We bisect line ZT at K and draw line 
LKM cutting line ZH at a right angle. / say: the centres of the great 
circles that intersect in the heavenly sphere at points B D all fall on 
line LKM and [the circles] pass through points Z T. 

Proof: points B D in the heavenly sphere are common to these 
circles and the horizon circle, and points B D fall in the plate at points 
Z T. So line ZT is a diameter of the horizon circle and a chord in all 
the remaining circles. It is bisected at point K and line LKM is drawn 
at a right angle to line ZH. Therefore line LKM passes through the 
centres of all the circles. Q.E.D. 

[7] To complete what we have done, let us also show how the 
great circles drawn on the heavenly sphere through the poles of the 
zodiac circle - which are the circles that define the positions of the 
stars in the belt of the zodiac - and other [matters] with which that 
can be obtained are formed in the plane of the astrolabe. We draw the 
circle of the meridian circle and on it we pass the tangent line, as we 
have done before. From point G we take arc GB in the amount of the 
arc that is between the two poles, the pole of the greatest sphere [qutb 
al-falak al-a‘zam\ and the pole of the zodiac, and we draw diameter 
BED. So point D [stands] for the northern pole of the zodiac and point 
B is the southern pole. Then we draw lines GB GD 
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and let them run through to line ZH : they cut it at points K H. 
We bisect line KH at point L and we draw line MLS cutting line 
KH at right angles. Therefore line KH in the plate is the diameter of 



the circle that cuts the zodiac circle 15 in the heavenly sphere at right 
angles and a chord in the other circles passing through the poles of the 
zodiac. It has been bisected at point L and line MLS has been drawn 
at a right angle from line KH\ so line MLS passes through the centres 
of all these circles, as we have explained earlier. It is clear that point 
K , which is the counterpart of the point of the zodiac pole falls outside 
the centre of the zodiac in the plate, as has become clear in the altitude 
circles. Q.E.D. 


15 The meridian circle must be meant. 
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[ 8 ] In what we have described we have completed all that is nec¬ 
essary to mention of the circles of the sphere \falak]-, and in order not 
to prolong the discourse, and in similar procedure, we shall guide [the 
reader] to the formation, in the plane of the astrolabe, of the other 
circles appearing in the sphere. As for the divisions of the portions of 
the circles parallel to the equator above and below the Garth in the cli¬ 
mates, which are the divisions of the hours, the points that cut them all 
off in the same ratio are not in the same plane from [among] the planes 
of the circles of the sphere, because the great circles that intersect at 
the poles of the sphere are those which cut off these circles in the same 
ratio between the horizon of the sphaera recta and the meridian-line. 
Between the horizon circles of the climates and the meridian circles 
[aflak nisf al-nahdr\, the divisions of the parallel circles north of the 
equator circle that are near the meridian line are smaller in ratio to its 
divisions that are near the horizon arc than the divisions of the south¬ 
ern circles which are near the meridian line to their divisions that are 
near the horizon arc, i.e. when a point is marked on the equator cir¬ 
cle between the horizon arc and the meridian circle and a great circle 
is drawn through it and through the two poles cutting the northern 
and southern circles, then the arcs between the meridian line and the 
great circle from the northern circles are smaller in ratio to the [part] 
of them between the great circle and the horizon arc than the arcs of 
the southern circles that are between the meridian line and the great 
circle to the [part] of them that is between the great circle and the 
horizon arc. Ptolemy has proved that in his book. 
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/ also say : it is possible to cut off only three of the parallel circles 
in the same ratio between the horizon circles and the meridian circles 
with one arc, since every three parallel arcs of different sizes in the 
surface of a sphere are divided in the same ratio. So it is possible 
that a circle undefined with respect to the known poles of the sphere 
passes through their [the three arcs’] three points which define the 
ratio. According to this procedure [of-6at] the Ancients [af-awwa/un] 
operated in the division of the hours, because they divided, from among 
the parallel circles, the circles of Cancer and Capricorn and the equator 
circle in the same ratio between the horizon circle and the meridian 
line. And they drew through these three points a circle cutting all 
the parallel circles [in a ratio] approximately similar to the ratio of the 
three circles. In this no error of a perceptible amount occurs, except for 
the climates that are much distant from the [terrestrial] equator line 
or [for] the parallel circles that are much distant from the [celestial] 
equator. Between the course[s] of Capricorn and Cancer its amount is 
not great. Q.E.D. 


Chapter 3 

On determining the quantities of the circles 
that are formed in the plane of the astrolabe 
and the positions of their centres by calculation 


Since we have explained the reason for what circles of the celestial 
sphere are formed in the plane of the astrolabe, 
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let us show in due order how the quantities of the diameters of the 
circles and the positions of their centres are obtained by calculation. 

[1] We begin by taking the diameters of the circles parallel to the 
equator, because with these diameters alone is obtained all that it is 
necessary to know of the diameters of the rest of the circles - we shall 
show that. We repeat the diagram that we drew for the courses par¬ 
allel to the equator. We make arc AT in the quantity of the inclination 
of the zodiac from the equator circle: as we found by observation in 
our time, that is 23°33'. So arc DAT is 113°33'. Line TY in the sphere 



is parallel to line ZH, which we showed was the meridian line in the 
plane of the astrolabe. So the quantity of line TK in relation to line 
KB is as the quantity of line ZD in relation to line DB. But line TK 
is the sine of arc TB\ line KB, again, is the versed sine of arc TB, 
and line DB is the diameter of the sphere. When we take the sine of 
arc TB, which is 55 p 0'10" in the quantity in which the diameter DB is 
120 p , and multiply that by the diameter, 


















72 


Al-FarghanT, On the Astrolabe 


0 iJ*} 'IrT 

20 ii-Sj 


ol»7.ii^ (_3MI t— til]j ^]j iilo _y»J 

UjVJj yjiUj Cuo jJkj t_i i) Ja»> 

JUJlj lej>* yOlaJj 4-lij ill* j 5 ■!**■ U £ _f*~? 


• * j.. j^ll j I jlju jlai t . i.a' l til) ij iyU 


liAP Jxj-Jl j ^jJ -1 jlj- ^lai jijii jl J] LI J»l j-j 

jjl . ~-3 Al£* 4 To h< 4*lp 

j^j <j ,J jjl jloilLi I Ij* 0C- jlx. jlai jAj £J Jasi 

25 <SJj Optfj £-Oj Ujsf i—J yi jlai j_j5C <J Ujs* tju^ J-> Jai 

Jo-Ju ejil jijA-Jlj CUI Jjj yi Ja» jj J <MM-I -Hi 

Utfj Aai Jl i Uil it j Uo> UJL& <jUi 

£yf? jUail lJLojI £j£C+*J LjL^j U Jlo iA*Jl ^ ,jL-jUo> U*_j 
U Jl JU-iJl ^Jj U-o <^rj^ iijt^t oIjIaII 

30 LJ jy--- O^i ^ \J di* v^' 

to ^JLc- uV^la** lJ jUo^l <^a £ 

' _^UJ UJ CjLyOJ 

19 uijij J UJj cT^lj ® £—_} ] C 20 .!■> ] om. C 20 S 

21 o^i-)l J] TS: om. CBMLKP 22 ... ^ ] T: om. CMKP, JJ B t ^ ^ 

S> *^- 7 -^ L 22 tajL& ] jJlp MK 24 ytj ] T 24 jtx*] ,j-[j add. S 24 uC— ] ui^—J BS 
24-25 ci ... ^ ] ijfii C; </ om. T 2 ^ j^C] om. BS 25 w] u BT 25 » ^ C.UU 
M 26 Jju ) Sju S 26 .jit] om. T 27 iie ) JJ.S 27 Jwi ] om. T 28 ^fr ] om. B 
29 Ljlyll] ojt^dt B 29 J; Li] JiLi. C, y. l^i T 30 ] om. S 30 i^—] C i t» « B, tu S 

31 ^jjc -i ] ^jLlJ) BS 3i jVLoi ] i_JL.it S 32 jlj ] v '— it 4)1 >L o) 0*4*4* T 

26 jaJI] jy ji Ujjl L ill)jj odd. S 


Al-FargbanT, Astrolabe, Chapter 3 


73 


which is 120 p , that comes to 6600 p 20\ We divide it by line KB, which 
is 36 P 1'37", and there emerges for us line DZ, 183 p 12'20". That is the 
semidiameter of the course of Capricorn in the plate. 

Since we need to assume the diameter of the course of Capricorn 
in the plate as a number that we can divide into as many parts as we 
can and [such that] its division becomes easy when constructing [the 
astrolabe], let us make line ZH, the diameter of the course of Capricorn, 
sixty parts. So in the scale in which line DZ is 30 p , diameter DB is 
19 p 39 r . Let us apply these degrees in line DB instead of the 120 p ; 
that does not bring about for us a mistake in the calculation, since we 
bring line DB into proportion to line ZH, which are of the same kind 
in number 16 . As we have described, we obtain the semidiameters of all 
the courses parallel to the equator degree by degree, from those near 
the north pole to those near the south pole. We shall establish that in 
a table by itself, which is helpful to us - from which we read off the 
quantities of the diameters of the circles that fall on the surface of the 
astrolabe, as we describe in what follows. 


16 “Q.E.D.” add. S. 
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[2] We also repeat the form of the figure of the zodiac. It is 
clear that arc DK is the distance between the north pole and the 
course of the beginning of Cancer, which is 66°27'. So line DL is the 


B 



semidiameter of the course of point K, and it is what is obtained from 
the semidiameters of the courses, 12°52' approximately, in the scale 
in which the diameter of the course of Capricorn is 60 p and line ZD, 
according to what we have supposed, is 30 p . Therefore line ZL, the 
diameter of the zodiac, is 42 p 52'. Therefore LM, the semidiameter, is 
2I P 26'. So we subtract from it line DL and there remains line DM, 
8 P 34' approximately; these parts are the distance of the centre of the 
zodiac from the centre of the plate on the meridian line 17 . 


17u Q.E.D. And this is its diagram” add. T. 
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[3] As for the division of the zodiac circle on the plate, we have 
said that it is partitioned by the lines passing through the centre of 
the plate and dividing the ascensions at sphaera recta on the equator. 
So we obtain the degrees of the ascensions at sphaera recia, [for] 90 
degrees, as we always obtain [them]. We draw that up in a table of its 
own. 


[4] In due course, following what we said earlier, we shall describe 
how the positions of the fixed stars in the plane of the astrolabe are de¬ 
termined: for this we need [i] to know the distance of the star from the 
equator circle on the great circle drawn through the star and through 
the poles of the equator circle and [ii] to know the degree of the zodiac 
that passes the meridian line with the star, because the position of 
the star on the astrolabe can only be determined after knowing that. 
For even if it is possible, as we have shown, to draw on the astrolabe 
the great circles that all intersect at the poles of the zodiac, by which 
are found the positions of the degrees of the stars in longitude in the 
zodiac, it is not possible that the latitudes of the stars, i.e. their dis¬ 
tances from the zodiac belt in these great circles, is reached except by 
dividing these circles as they are partitioned on the astrolabe, but that 
is difficult and wearisome. In our knowledge of the distance of the star 
from the equator and the degree in the zodiac circle of its passage [at 
the meridian] there is what leads to the knowledge of the true position 
of the star on the astrolabe. 
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When the star is on the belt of the zodiac, the declination of the 
degree it is at is its distance from the equator circle; it passes at the 
meridian line with its degree at the same time. When, again, the star 
is outside the belt of the signs [but] in the plane of the circle [falak] 
drawn through the poles of the two circles, then its distance from the 
equator circle is known from its latitude and the declination of its 
degree alone: one of them is added to the other when they are on the 
same side, and it is subtracted from it when they are on different sides. 
What results after that is its distance from the equator. It also passes 
at the meridian with its degree at the same time. If the star is not as 
we have mentioned, and so is outside the belt of the zodiac and not 
in the plane of the circle [falak] through the poles of the two circles, 
its distance and the degree of its passage are both various. When it is 
between the beginning of Capricorn and the beginning of Cancer and 
its latitude is north of the belt of the signs, it arrives at the meridian 
before the arrival of its degree which it is at of the zodiac circle; and if 
it is southerly, it arrives after it. Also, if it is between [the beginning of] 
Cancer and the beginning of Capricorn and its latitude is northerly, 
it arrives at the meridian after the arrival of its degree; and if it is 
southerly, it arrives before it. 

Let us show the reason for what we have mentioned and [show] 
how to determine the distance of the star from the equator circle and 
the degree of the zodiac that arrives with it at the meridian. For that 
we proceed in the way that Ptolemy described in the Almagest. We 
draw the meridian circle through the poles of the two circles; on it are 
A B G D. In it we draw half the equator circle, on which are 
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DEB, its north pole being point Z, and half the zodiac, on which are A 
E G, its pole being point H. So point A of the zodiac is in the position 
of the beginning of Capricorn and point G is the beginning of Cancer. 



[Fig. 3.3} 


We put the star, first, on the belt of the zodiac at point T. We draw 
through T an arc of a great circle \falak], on which are Z K 7! So arc 
TK is the declination of the degree of the star and it is also its distance 
from the equator circle. It reaches the meridian line with point T at 
the same time. Then we put the star at point L of the meridian circle. 
So AL is the latitude of the star from the circle of the middles of the 
signs in the north and AD is the declination of Capricorn. So when 
we subtract it from arc AL, there remains arc LD, the star’s distance 
from the equator. Similarly, when the latitude is in the south, 
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we add the degree of the declination to the latitude of the star: what 
results is its distance from the equator. Where the star is on circle 
ABGD, that reaches the meridian with its degree at the same time. 
Then we put the star outside the belt of the signs and not on the 
circle drawn through the poles of the two circles. We put it at point 
M; through it and through the two poles we draw two arcs of great 
circles on which are Z M N S, H M F C. So point F is the position 
of the star in the zodiac, point C is its position in the equator circle 
and point N is the degree of the zodiac that reaches the meridian with 
it. Arc MF is the latitude of the star, i.e. its distance from the belt 
of the signs and arc MS is its distance from the equator circle. It is 
shorter than MC , because MSC is right and MCS is smaller than a 
right [angle], as Ptolemy has proved. The ratio of the sine of HB to 
the sine of BZ is composed of two ratios, the ratio of sine HC to the 
sine of CM and of the sine of MS to the sine of ZS. Each of the arcs 
ZB ZS HF is a quarter of a circle and HB is 113°33'. We know FC 
from considerations of declination, because FG of the zodiac is known. 
It is what rises with BC of the equator circle at sphaera recta. When 
we convert FG [by tables] from the ascension at sphaera 
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recta to degrees of equality [daraj oZ-satod*], there emerges for us BG. 
So by it we know FG from the declination table; AfF is the lattitude of 
the star. So each of arcs HG CM is known. There remains the wanted 
arc MS\ so it is known. 

We make an example of that from the star al-'ayyuq [= a Auri- 
gae]. We put it at point M It is as we have found by observation in our 
time, i.e. in year 225 in the era of Yazdajird ibn Shahriyar [i.e* 856-857 
AD] at 5 D 20 / of Gemini. So arc AF of the zodiac circle is 155°20 ; . With 
that we enter the table of ascensions at sphaera recta and take what 
degrees of equality are opposite it in the first column: there emerges for 
us arc DC of the equator, 157*13'. We subtract from it arc DE, which 
is 90°; there remains arc DC, 67 D 13'. With that we enter the table of 
declination and take what is opposite it: there emerges for us arc CF, 
21°37'. We add it to arc FH : the total arc CH is 111°37'. We also add 
arc CF to arc FM, which [stands] for latitude. It is as we have found 
by observation for al-'ayyuq ja Aurigae] 22 D 50'. So the total arc CM is 
44°27'. 
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We multiply the sine of arc BH, which is 55 p 10" in the scale in 
which the diameter is 120 p , by the sine of arc MC, which is 42°1'1". 
It makes 2311 p 2'55". We divide it by the sine of arc CH, which is 
55 p 46 # 49". There emerges for us 41 p 25'53". So the ratio of these parts 
to the sine of arc ZB is as the ratio of the sine of arc MS to the sine of 
arc SZ. But the sine of arc ZB is equal to the sine of arc SZ, because 
each of arcs ZB ZS is a quarter of a circle. So the sine of arc arc SM 
is 41 p 25 / 53", and arc SM is 43 p 40' approximately. That is the distance 
of the star al^ayyuq from the equator circle on the northern side. 

And also in obtaining the degree of passage [i.e. mediation], the 
ratio of the sine of arc ZH to the sine of arc HB is composed of two 
ratios, of the ratio of the sine of arc ZM to the sine of arc MS and of the 
ratio of the sine of arc SC to the sine of arc CB. But each of the arcs 
ZH HB ZM MS CB is known. There remains arc SC wanted. So we 
multiply the sine of arc ZH, which is the sine of the total declination, 
by the sine of arc MS, which is 
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the sine of the distance [sc. from the equator]. We divide the result by 
the sine of arc MZ: what results we multiply by the sine of arc BC 
and what assembles we divide by the sine of arc HB : there emerges 
for us the sine of arc CS, as we have proceeded; it is 9 P 39'59" and 
arc CS is 9°16'16". We subtract it from arc DC: there remains arc 
DS, 147°56'44". We convert them from degrees of ascension at sphaera 
recta to degrees of equality: there emerges for us arc AN of the zodiac, 
150°12'. So point N, which reaches mid-heaven together with the star, 
is at 12' of Gemini 18 . 

In the way that we have described, we obtain the distances of the 
fixed stars from the equator and the degree which reaches mid-heaven 
with each of the stars; and in order that what we have described is in 
understandable form, leading in all directions to what we have learnt, 
let us now describe in a comprehensive way how we obtain that for 
each star in each position of the sphere. When we want to know the 
star’s distance from the equator, we take the total declination from 
90; what remains we make a sine: it is the first sine. Then we take in 
longitude [what is] the beginning of Capricorn to the degree of the star. 
With that we enter the table of ascensions at sphaera recta and take 
what is opposite it of degrees of equality: what emerges for us is the 
argument [hissa]. From the argument we subtract 90° and with what 
remains 
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we enter the table of declination and take what is opposite it of degrees 
of declination: it is the declination of the argument. Then we look: if 
the latitude of the star and the declination of the star’s argument are 
on the same side, we add them, and if they are on different sides, we 
subtract the smaller from the greater. What results after that we make 
a sine: it is the second sine. Then we subtract the argument from 90 
and make what remains a sine: it is the third sine. Then we multiply 
the first sine by the second sine and divide the product by the third 
sine. What emerges we make an arc; and what emerges from the arc 
is the distance of the star from the equator. If the latitude of the star 
and the declination of the star’s argument are on the same side, the 
distance is on that side; and if they are on different sides, the distance 
is on the side of the greater of the two. 

When we want to determine the degree that reaches the meridian 
with the star, we also subtract the total declination from ninety and 
make what remains a sine: it is the first sine. We make the total dec¬ 
lination a sine. It is the second sine. We make the distance of the star 
from the equator a sine, it is the third sine. We subtract the distance 
from ninety and make what remains a sine. It is the fourth sine. We 
make the argument of the star that emerged for us from the ascension 
a sine. It is the fifth sine. Then we multiply the second sine by the 
third sine and divide the product by the fourth sine. What emerges we 
multiply by the fifth sine. The product we divide by the first sine, and 
what emerges we make an arc. If the star is between the beginning of 
Cancer 





92 


Al-FargbanT, On the Astrolabe 


fr 

{ J* U) U taj JU-S jljJl Jj** (j* Jjl Jj 

L-i ylf* jlj oU-aii j QX*j ^ u]j 

» * 

170 Lo ludJLf JL-i jlydl <Jj-* j* oa-jj Jjl Jl Jj' On 

J-«* l> l^JLt oliij Vr J ols v^O 5 ^ **"■ Cr* U ^-r* 

<)L^ It Ijjeilj ^51.*H isLialt ^ikt JjJ* oU»jl (jL^XJlj oibjll ^ 

c* t^J 5 **?j* 4 *' c?** -** u C> ^ C ji 

* cIa-mJI Ja**2 

175 1/ ^ JAju» lilli y* Xmj Ui j£ lili 

i ya l^Juai\ J OjlXo Jai UlmJ lJ ytli JL-iJl t T Jaji)l y* OXmj ^ 
jdi jl^dl Jj*o y* l 3_5**JI o' 

iL# JU-iJl y* OXmj JU-iJ' <*>- J 0_5*fj'j ' c Jr7 

# * 
i_>LajS oLJLt ,_fjJt JjJ^-l iA)j ‘Joi-Ui <5Jj OLj^l ^yr Oi-oli 

180 Owji^Jl j OjIju ^lai oLaJ LJ £yiji jUail 

oljljJ.1 jUail LjUjl liUjij l5Jj tjljZ *J *[>*'1 <*iUJ 

j^J j <iUj O^jj t_)V J la-.'sll j J*jJ> lo j£) 

0 

• yv*j Al t U 

169 ois 1 1 L>!» BS 169 j] ^T 169-170 JUi... .t-ii ] om. C 171 IjA* ] LgU B 

172 0L-*J>j} j' C 173-174 .Li—II ... l> ] om. S 175 dUi ) Jd— C.corr. ex 

dUi Jjl*. B 176 ] »upm T 178 J] j* B 179 aUi] j add. T 182 Jj-J-t] JjldAI B 

183 \j ._. ] j-4 B 183 J-JI) JJI .Ls 0> add. T 


179 iijj ] JL-lll 1|> j add. S 


Al-FarghanT, Astrolabe, Chapter 3 


93 


and the beginning of Capricorn and its distance from the equator is 
northern, we add what emerges for us to the argument of the star; 
and if its distance is on the south side, we subtract it from it. And 
if the star is between the beginning of Capricorn and the beginning 
of Cancer and its distance from the equator is northern, we subtract 
what emerges for us from the argument of the star; and if it [sc. its 
distance] is on the south side, we add it to it. With what results after 
addition or subtraction we enter the table of ascension at sphaera recta 
and take what degrees of equality are opposite it: what emerges for us 
is the position of the degree that arrives with the star at the meridian. 

When we have determined the distance of the star from the equa¬ 
tor circle, we subtract it from ninety: what remains is its distance from 
the north pole. We determine the semidiameter of its course in the 
plate from the table of courses. An example of that: the distance of 
al- s ayyiiq from the equator is 43°40' on the north side; so its distance 
from the north pole is 46°20' 19 . With that we enter the table which 
we have made for the semidiameters of the courses and take what is 
opposite it for us. There emerges for us the semidiameter of its course 
in the plate, 8 P 24'. Similarly, the semidiameters are obtained for all the 
stars that we want in the astrolabe and we establish that in a table, 
so that it is made easy for us when constructing [the astrolabe]. 


19 “on the northern side” add. S. 
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[5] Succeeding what we have set out, let us describe how we ob¬ 
tain the semidiameters of the circles that are for the altitude from the 
horizon circle, which in the astrolabe are called almucantars. We re¬ 
draw the figure of the altitude circles, which we have set out before. 
We assume arc GB as the latitude of the climate, 30°, and line BD as 


G 



the diameter of the horizon in the sphere and line ZL as the diameter of 
the horizon on the plate. But line A Z is the semidiameter of the course 
of point B, as we showed for the courses; line AL is the semidiameter 
of the course of point D; arc AD is 30°and arc AB 150°. We take the 
amount of lines AL AZ from the table of the semidiameters of the 
courses. There emerges for us line AL, 5 P 16', and line AZ, 73 p 20\ So 
the whole line ZL is 78 p 36' 20 ; line KL, the semidiameter of the horizon 
circle, is 39 p 18'. From line KL we subtract line AL: there remains line 
AK, 34 p 2'. That is the distance of the centre of the horizon circle from 
the centre of the plate. Also, in the meridian circle we take 


20 “we bisect line ZL at point K” add. S 
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arc SB, 60°. We draw line SO parallel to line BD: line SO is the 
diameter of the altitude circle of 60° from the horizon. We draw lines 
GO, GS and let them run through to line ZB, cutting it at points N, 
M. Therefore line NM on the plate is the diameter of the almucantar 
of 60°. Arc AO is 30°; the total arc AS is 90°. But line AN is the 
semidiameter of the course of point S and line AAf is the semidiameter 
of the course of point 0. So we take the amount of line AN from the 
semidiameters of the courses and we find it 19 p 39'. We subtract from it 
line AAf, which is 5 P 16': there remains line MN, 14 p 23' approximately 21 . 
Line MY, the semidiameter of the almucantar of 60, is 7 P 11'30". So 
we add to it line AM', the whole of line AY is 12 p 28' and that is 
the distance of the centre of this almucantar from the centre of the 
plate. According to this model we obtain the semidiameters of all the 
almucantars and the distances of their centres from the centre of the 
plate for all the climates. We lay that out in the table, so that it is 
helpful when constructing [the astrolabe]. 

[6] Let us also show how we determine the semidiameters of the 
circles that define the azimuths in the horizon circle in the astrolabe: 
we draw the meridian circle, on which are A B G 


21 “we bisect it at Y” add. S. 
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D and make point A the north pole and point G the south pole. We cut 
off arc GB in the amount of the latitude of the climate and we draw 
the semicircle of the eastern horizon of the climate on which are B E 
D , and also the semicircle of the horizon at sphaera recta, on which are 
G E A. Of the azimuth circles we first draw the semicircle that cuts the 


G 



meridian circle at right angles - which is the one that cuts the arc of 
the horizon at the rising-place of Aries and Libra -, on which are Z 
E H. It is clear that point E is common to the three circles and each 
of arcs BE, EG, EH is a quarter of a circle. Through point A we pass 
the meridian line in the plate, on which are T K. We draw lines GH, 
GZ and continue them to line TK, cutting it at points T K. We bisect 
TK at L : point T is the zenith in the plate and TK is the diameter 
of this circle. According to what we have shown in the preceding, line 
AK is the semidiameter of the course of point H and line AT is the 
semidiameter of the course of point Z. For each of points H Z we take 
the semidiameter of its course in 
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the plate, as we have shown; we add that up: there emerges for us line 
TK, the diameter of the circle, 45 p 22'; line LT is the semidiameter, 
22 p 41'. There is no need for us to determine the positions of the centres, 
since we have shown that they fall on one line 22 . We can draw this 
circle in the plane of the astrolabe without knowing its semidiameter, 
when we draw it through the rising and setting points of Aries and 
[through] the zenith point. We have only determined its semidiameter 
by calculation, because by it are determined the semidiameters of the 
other circles [standing] for the azimuths, as we shall describe. 

Again, we redraw the figure. From point L we draw the line on 
which we have shown the centres of the azimuth circles to fall; on it 
are Q L S. In the semicircle of the horizon, from point E we take arc 
EZ and make it 30°. Through point Z and through the zenith point 
we draw semicircle HZO, which is the circle that defines the azimuth 
of SO* 1 from the rising point of Aries; and arc ZB is 60°. So angle ZHB 
is less than a right [angle]. From point G to arc HZO we draw an arc 
of a great circle [falak 'azim\ on which are G K; we make angle GKO 
right. We complete circle HZOM. Also, from point A to arc HMO we 
draw an arc of a great circle at a right angle from arc HMO; A M are 
on it. So it is clear that arcs AM GK are of the same circle, which is 
the circle going through the poles and cutting 


Z2 The meaning of this sentence is obscure: for the subject in this passage is one 
special circle; and in the next section a procedure for finding the place on the line 
for any centre is described. 
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circle HZOM at right angles. We draw line GK and produce it to 
the plane of the plate: it falls on point F. We draw on the plate line 
AF cutting line QLS at point Y. On the sphere we draw line GM 



and produce it to the plane of the plate. We produce [nukhrij] line FA: 
they [lines FA GAf] meet at point N , because lines GN GF FN are in 
the plane of the circle from which we took arcs GK AM . This circle 
cuts circle HZOM 
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at right angles and so line GK is the shortest of the lines that emerge 
from point G to circle HZOM and line GM is the longest of them. 
Therefore triangle GFN cuts off the cone whose base is circle HZOM 
on these two lines. The plane of the triangle extends to the plane of 
the astrolabe. So their common section becomes line NF. Therefore 
line NF is the diameter of circle HZOM in the plane of the astrolabe, 
as we have explained in the proposition on the cone in Chapter 1. So 
the centre of circle HZOM in the plate is on line FN. We have also 
shown in the preceding that it falls on line QLS 23 : therefore point Y is 
the centre of this circle. From point Y to point T, which is the zenith, 
we draw line YT. Therefore lines YT, YN, YF are equal, because each 
of them is a semidiameter of the circle. From line YS we cut olf line 
YU equal to line YT: so line YU is also a semidiameter of this circle. 
Therefore the circle drawn about point Y and with distance YT goes 
through points N U F. But arc BZ, of the horizon circle, is 60° and 
each of arcs BO ZO is a quadrant of a circle and arc GO is that by 
which the latitude of the climate falls short of 90 24 . Therefore it is clear 
that with little work arc GK becomes known in the same way as we 
determine the quantities of the arcs of declination: the ratio of the sine 
of arc ZB 25 


23 “ - they [sc. lines FN and QLS] intersect at point Y - " add. S. 

24 “and it is sixty degrees” add. S. 

26 “the complement of the azimuth” add. S. 
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to the sine of arc BO is as the ratio of the sine of arc KG to the sine of 
arc GO. So we take the sine of arc ZB, which is 51 p 57'42", in the scale 
in which the diameter is 120 p ; we multiply it by the sine of arc GO, 
which is also 51 p 57'42": that amounts to 2700 p 0[']53". We divide them 
by the sine of arc BO, which is 60 p : there emerges for us the sine of 
arc KG, 45 p 0[']l". Therefore arc KG is 48°35' approximately. Similarly 
also arc AM is [found]. But line AN in the plate is the semidiameter of 
the course of point M\ and line AF is the semidiameter of the course 
of point K. So when we subtract arc GK from 180°, what remains is 
the distance of point K from point A in the circle described on points 
A, M, G, K. We determine the semidiameter of the course of point 
K\ and we add to it the semidiameter of the course of point M and 
add them together. That is line NF, and it is 52 p 24' in the scale in 
which the diameter of the course of Capricorn is 60 p , because in these 
units \aqdar\ we have determined the semidiameters of ail the courses. 
Therefore each of lines YN YT is 26 p 12' 26 . But because line YT in the 
circles which are near 


26 “because each of the two is a semidiameter of the circle” add. S. 
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the circle of the azimuth of the rising place of Aries in the plate falls 
near the line LT and approximately equal to it, line YL is hard to 
draw according to the real situation. If that happens on line QLS, 
there therefore happens in line YL a great disparity. So if we multiply 
line YT by itself and subtract from the product line LT multiplied by 
itself, and take the root of what remains - it is line YL - and subtract 
it from line YU, which is also the semidiameter, there remains for us 
line LU, 13 p 6' approximately. 

When we determine line LU for all the azimuth circles, any error 
that may occur in the construction on line QLS will not bring about for 
us, in drawing the circles on line LU, [an error] of a perceptible amount, 
because a large error in line QLS does not bring about a detectable 
and perceptible change in point U from the transit of the circle drawn 
through it and through point T. Therefore instead of determining the 
places of the centres on line QLS, we determine the places at which 
the circles intersect line QLS 27 . 


27 “the two meet at a point near which is F" add. S. 
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Chapter 4 

On how to draw up the tables 
and to set up all that it is necessary to know of them 


Let us now establish what must be laid down in the tables, so that 
it is ready for us at the time of construction. We do that as we shall 
describe. First we set out the two columns [of the first table] in which 
we tabulate the semidiameters of the courses, degree by degree, from 
what is near the north pole to what follows towards the south pole: 
in the first of them is the number of the 180 degrees that are between 
the poles, and in the second are the semidiameters of the courses. We 
follow that up with [a table of] two other columns, in which we tabulate 
the ascensions at sphaera recta , by which we divide the degrees of the 
zodiac on the astrolabe. 

After that we establish [a table of] eight columns for the fixed 
stars. We restrict ourselves to entering 25 stars of them on the north¬ 
ern and southern sides according to their positions in longitude and 
latitude, and what else can be derived from that, for the year 225 
Yazdijird [856-857 AD] 28 . In the first column we put the names of the 
stars; in the second their positions in longitude in the zodiac; in the 
third their latitudes; in the fourth the directions of the latitudes, to the 
north or south; in the fifth their distances from the equator; in the sixth 


28 The Muslim and Christian years are correctly given as 242 and 856, respec¬ 
tively, in a modern hand in the margin of MS C. 
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the directions of the distances [i.e. from the equator], north or south; in 
the seventh the degrees with which they pass at the meridian line; and 
in the eighth the semidiameters of their courses on the astrolabe. From 
these two columns alone, i.e. the seventh and eighth, is our procedure 
in what of them is drawn on the northern astrolabe. What is beyond 
that we have only tabulated so that it is present for anyone who wants 
to know it or to correct with it an error if it occurs in the book. 
Nevertheless we need to tabulate their distances specifically in order 
to obtain with them the semidiameters of their courses on the southern 
astrolabe. 

After that we establish the tables of the almucantars. We begin 
with the place having no latitude, not so much because we need it as to 
take it into account. We follow it up by the place whose latitude is 15° 
and then they [sc. the degrees] follow, increasing degree by degree, up to 
the place of latitude 50°, because more than that is not needed. Apart 
from that, the determination of the almucantars for [a place of] latitude 
more than 50° or less than 15 is easy, as we have explained in the table 
of semidiameters of the courses. We tabulate that in three columns: 
in the first column the number of the degrees of altitude from 1 to 90 
degrees; in the second the distances of the centres of the almucantars 
from the centre of the plate; and in the third the semidiameters of the 
almucantars. Over each climate we write the amount of its latitude 
and the hours of its longest day. 
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After that we establish [a table of] two columns of the azimuths 
for all the places for which we have constructed the almucantars: in 
the first column we tabulate the number of the sections [ qita '] for every 
five degrees in one of the quadrants of the horizon circle, because more 
than that is not needed, and in the second the quantities of the lines 
on which the circles cut the line on which the centres fall. 

In all that is tabulated in all the tables we restrict ourselves to 
parts \juz\ and minutes. There is not appended to the minutes - let 
alone seconds and what is beyond them - in making the astrolabe what 
is not perceived and not noticed, even if the astrolabe is complete and 
the largest that it is possible to make 29 . The drawing up of the tables 
is as follows. 


29 “God willing (in Him is trust). There follow the tables that we have drawn up 
for what we mentioned of the construction of the astrolabe” add . C. 











116 


Al-Fargham, On the Astrolabe 


jV iM VJ 

iljil oljlAil jUoil uM-ii 

lALojI 

jUaiSl 

JXJI 

f- 

i_iLdjl 

jUaSSI 

iJull 

l3Loj) 


t 

j 

u 

£ 


ir 

\£ 

d 

1 

J* 

J 


j£ 



A 

5 

<-> 

Xo 

j 


5 


r 


5 

>■ 

y 

J 

JU 

kS 


JlT 

U 

5 

J 

C 

c 

Ca 

IT 


or 

b 

5 

0 

A 

c 

.*• 

sJ 


y 

V 

1 

J 


c 


* 


/ 

iw«i 

l 

J | 

Xq 

c 

£ 

X . 

! J 

£ 


1 

c 


r 

Ja4 

6 

0 

j«r 

J. 

1 

Jo 

Jo 

fc 

o 

y 

0 

J 

* 

1 

vS 


Jo 

b 

/ 

0 

M 

Ju 

1 

b 


Jo 

IwAJ 

t 

0 


J 

t—> 

V*i 

£ 

Jo 

4 

Jo* 

0 


Ju 

O 


i 

1$ 

X 

5 

J 

jJ 

s 

L_J 

X 


\S 

<3 


J 

<1 

A 


4j 

s 

\S 

-V 

r 

J- 

y 

y 

u 

Ji 

r 

L? 

J 5 

j 

3 

y 

y 

L-J 

ji 

a;' 

li 

£ 

y 

3 

t 

j 

.>■ 

6 

! J 

l 

Joi 

y 

3 

u 

y 


Joj | 

A 

l 

" 

O' 

Jo 

J 

L 

L 


il 


[tit] t yl* * jl J 1 ^ " * lSj!\y* <«— 

J^i ■ i.^'i J\Jj o->l <-» [...] Jjl man. nee. supra T jj-JI ] 

sljktSl T jlUSl ] J, » add. C, jAis add. D 2 i) ] S’* D 7 ^. ] 
^JB 18 j ] o C 2o£] j TD 35 i_*i ] L D 39£]j.C 42 A] >_J D 44^] 
y C 48 JU ] o* D 54 1 ] S D 


Al-Farghanl, Astrolabe, Ch. 4, Table 1 


117 


Table of the Semidiameters of the Courses 
Parallel to the Equator 

no. 

semi¬ 

diameter 

no. 

semi¬ 

diameter 

no. 

semi¬ 

diameter 

i 

0 

10 

21 

3 

38 

41 

7 

21 

2 

0 

20 

22 

3 

49 

42 

7 

33 

3 

0 

31 

23 

4 

0 

43 

7 

44 

4 

0 

41 

24 

4 

10 

44 

7 

56 

5 

0 

51 

25 

4 

21 

45 

8 

8 

6 

1 

2 

26 

4 

32 

46 

8 

20 

7 

1 

12 

27 

4 

43 

47 

8 

32 

8 

1 

22 

28 

4 

54 
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8 

44 

9 

1 

33 

29 

5 

5 

49 

8 

57 

10 

1 

43 

30 

5 

16 

50 

9 

9 

11 

1 

54 

31 

5 

27 

51 

9 

22 

12 

2 

4 

32 

5 

38 

52 

9 

35 

13 
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14 

33 

5 
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Table of the Semidiameters of the Courses 
Parallel to the Equator 

no. 

semi¬ 

diameter 

no. 

semi¬ 

diameter 

no. 

semi¬ 

diameter 

61 

11 

34 

81 

16 

47 

101 

23 

50 

62 

11 

48 
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17 
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16 

63 

12 
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Table of the Semidiameters of the Courses 
Parallel to the Equator 

no. 

semi¬ 

diameter 

no. 

semi¬ 

diameter 

no. 

semi¬ 

diameter 

121 

34 

44 

141 

55 

28 

161 

117 

26 

122 

35 

26 

142 

57 

2 

162 

124 

4 

123 

36 

11 

143 

58 

42 

163 

131 

29 

124 

36 

57 

144 

60 

28 

164 

139 

50 

125 

37 

45 

145 

62 

19 

165 

149 

15 

126 

38 

34 

146 

64 

17 

166 

160 

2 

127 

39 

25 

147 

66 

20 

167 

172 

28 

128 

40 

17 

148 

68 

32 

168 

186 

58 

129 

41 

11 

149 

70 

51 

169 

204 

3 

130 

42 

8 

150 

73 

20 

170 

224 

40 

131 

43 

7 

151 

75 

59 

171 

249 

42 

132 

44 

8 

152 

78 

49 

172 

281 

1 

133 

45 

12 

153 

81 

51 

173 

321 

29 

134 

46 

18 

154 

85 

7 

174 

375 

2 

135 

47 

26 

155 

88 

38 

175 

450 

2 

136 

48 

38 

156 

92 

27 

176 

562 

52 

137 

49 

53 

157 

96 

35 

177 

750 

29 

138 

51 

11 

158 

101 

6 

178 

1130 

42 

139 

52 

33 

159 

106 

1 

179 

2244 

52 

140 

53 

59 

160 

111 

27 

180 

0 
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Table of Ascensions at sphaera 

recta 

no. 

ascen. 

no. 

ascen. 

no. 

ascen. 

i 

0 

55 

31 

28 

47 

61 

58 

47 

2 

1 

50 

32 

29 

45 

62 

59 

50 

3 

2 

45 

33 

30 

43 

63 

60 

53 

4 

3 

40 

34 

31 

40 

64 

61 

56 

5 

4 

34 

35 

32 

38 

65 

62 

59 

6 

5 

29 

36 

33 

36 

66 

64 

3 

7 

6 

24 

37 

34 

35 

67 

65 

6 

8 

7 

19 

38 

35 

33 

68 

66 

10 

9 

8 

15 

39 

36 

31 

69 

67 

14 

10 

9 

10 

40 

37 

30 

70 

68 

18 

11 

10 

5 

41 

38 

29 

71 

69 

22 

12 

11 

0 

42 

39 

28 

72 

70 

27 

13 

11 

55 

43 

40 

28 

73 

71 

31 

14 

12 

51 

44 

41 

27 

74 

72 

36 

15 

13 

46 

45 

42 

27 

75 

73 

40 

16 

14 

42 

46 

43 

27 

76 

74 

45 

17 

15 

37 

47 

44 

27 

77 

75 

50 

18 

16 

33 

48 

45 

27 

78 

76 

55 

19 

17 

29 

49 

46 

27 

79 

78 

0 

20 

18 

25 

50 

47 

28 

80 

79 

5 

21 

19 

21 

51 

48 

29 

81 

80 

11 

22 

20 

17 

52 

49 

30 

82 

81 

16 

23 

21 

13 

53 

50 

31 

83 

82 

21 

24 

22 
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51 

32 

84 

83 

27 

25 
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Table of Fixed Stars 



I 


II 


III 

IV 

V 

VI 


names of 
the stars 

longitude 

latitude 

dir. 

dist. 
from 
the eq r 

dir. 



signs 

deg. 

min. 

deg. 

min. 


deg. 

min. 


1 

al-kaff al-khadib 

0 

18 

39 

51 

45 

N 

53 

2 

N 

2 

ra*s al-ghul 

l 

9 

31 

22 

45 

N 

36 

6 

N 

3 

al-kaff al-jadhmff 

i 

15 

30 

30 

8 

N 

44 

59 

N 

4 

al-dabaran 

l 

23 

10 

5 

15 

S 

13 

35 

N 

5 

rijl al-jawzff 

l 

29 

45 

31 

4 

S 

10 

13 

S 

6 

surrat al-jawzd* 

2 

6 

39 

24 

25 

s 

2 

34 

S 

7 

yad al-jawzff 

2 

11 

51 

16 

45 

s 

5 

42 

N 

8 

£ al-ayyuq 

2 

5 

20 

22 

50 

N 

43 

40 

N 

9 

al-shi'rd 

al-yamdniya 

2 

28 

5 

39 

20 

S 

15 

48 

S 

10 

al-shi'rd 

al-sha'dmiya 

3 

9 

15 

16 

0 

S 

7 

16 

N 

11 

qalb al-asad 

4 

13 

15 

0 

15 

N 

17 

10 

N 

12 

al-simdk al-a l zal 

6 

7 

3 

2 

6 

S 

4 

44 

S 

13 

al-simdk al-ramih 

6 

7 

25 

31 

12 

N 

25 

31 

N 

14 

munir al-fakka 

6 

25 

21 

44 

6 

N 

31 

0 

N 

15 

qalb al-'aqrab 

7 

23 

10 

4 

24 

S 

22 

54 

S 

16 

ra 7 s al-hawwd * 

8 

5 

33 

36 

0 

N 

14 

8 

N 

17 

al-nasr al-wdqi c 

8 

29 

15 

61 

45 

N 

38 

12 

N 

18 

al-nasr al-Wir 

9 

14 

33 

29 

12 

N 

6 

17 

N 

19 

al-ridf 

10 

18 

39 

59 

36 

N 

41 

6 

N 

20 

mankib al-faras 

11 

12 

35 

31 

10 

N 

21 

51 

N 

21 

Jam al-hut 

10 

18 

12 

23 

0 

S 

37 

7 

S 

22 

1 urqub al-rami 

8 

28 

52 

23 

0 

S 

46 

33 

S 

23 

rijl qanturis 

6 

19 

32 

41 

10 

s 

44 

43 

s 

24 

suhayl 

2 

29 

55 

75 

0 

s 

51 

27 

s 

25 

dkhir al-nahr 

0 

11 

22 

53 

30 

s 

43 

38 

s 
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Table of Fixed Stars 

Southern 

Rete 

semi¬ 

diameters 

no. 

Modern 

Desig¬ 

nation 

VII 

VIII 

degrees 

transit 

of 

semi¬ 

diameters 

signs 

deg. 

min. 

deg. 

min. 

deg. 

min. 

li 

16 

13 

6 

34 

59 

0 

i 

P Cas 

l 

0 

36 

10 

0 

38 

40 

2 

p Per 

l 

3 

26 

8 

8 

47 

26 

3 

a Per 

l 

24 

30 

15 

28 

24 

0 

4 

a Tau 

2 

6 

0 

23 

30 

16 

30 

5 

p Ori 

2 

10 

30 

20 

32 

20 

30 

6 

e Ori 

2 

14 

0 

17 

47 

21 

40 

7 

a Ori 

2 

0 

12 

8 

24 

46 

0 

8 

a Aur 

2 

28 

37 

26 

0 

14 

54 

9 

a CMa 

3 

8 

13 

17 

18 

22 

20 

10 

a CMi 

4 

13 

20 

14 

29 

26 

40 

11 

a Leo 

6 

6 

20 

21 

20 

18 

5 

12 

a Vir 

6 

21 

40 

12 

23 

31 

0 

13 

a Boo 

7 

13 

23 

11 

7 

34 

45 

14 

a CrB 

7 

22 

15 

29 

38 

33 

2 

15 

a Sco 

8 

11 

26 

15 

19 

25 

15 

16 

a Oph 

8 

29 

35 

9 

32 

40 

30 

17 

a Lyr 

9 

11 

40 

17 

36 

22 

0 

18 

a Aql 

9 

28 

2 

8 

56 

43 

13 

19 

a Cyg 

10 

29 

23 

13 

18 

29 

2 

20 

P Peg 

10 

27 

0 

39 

31 

9 

45 

21 

a PsA 

8 

28 

35 

49 

19 

7 

52 

22 

P Sgr 

5 

27 

15 

47 

7 

8 

11 

23 

a Cen 

2 

29 

43 

56 

11 

6 

52 

24 

a Car 

1 

8 

48 

45 

54 

8 

24 

25 

0 Eri 
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Note on the edition of the star table 

In the manuscripts this table comes in several forms and with some variation of 
content. MSS TKL present it on a single page, but, for typographical convenience, 
we follow CBDS and present it in two parts. According to the introductory part 
of Chapter 4 there are eight columns. To these we have added running-numbers (as 
do some manuscripts), a column for the degrees and minutes of the semidiameters 
of the stars* courses in the rete of the southern astrolabe, referred to as southern in 
the apparatus - this column exists uniquely in B - and, in the English translation, 
a column for the modern designations of the stars. 

Apparatus 

[fit] AjJ -Lii oSyuU J <JI 

jUaTJl add, CBD JJl 3 ] ^jJI B; <J\ ] CD; 

OdjjJ-lB); vo* U* C- add, T V juJI ] aUI B 1 l<JkiA\ ] Uif MSS 
2 HILT] oTCBD; o ] jl. C 3ia5Cll]UrT V -Ui ] -U» CTD VII j 
T VIII £ ] £ T 4 III -o ] ju B, <u T 6 VI ] JUJI B 7 II b ] L BTD 

VIII j. ] yB 8 III j ] j D 9 I ] om. B VIl£]£B VIIIjTjjJ'TD 

southern M ] jo B 10 II ^ ] jo D 11 VIII JbT] JJ T 12 I JL-Jl ] JL- T II 
>] jCD III j B V j ] # CD; jl.]oT VIIIiljjT 13Ii)LJl] 

om. CBD, T II j ] S"D *T] aTB 14 I om. BT 15 III oT] <TC V 
jo .^T] jo jTcD VII v ] <* T 16I.lyLlj.ljjJ.lB lTIyJljyJBT II o ] 
jo CD VIII i_J ] <) B 18 I j~Zi\ ] j-i BT Vji ] j} C 19IIIJJ]Ja»B 20 V 
UjlCB 21 V j j oB 2211^-jjCBD VJ-]£CD,^B 22 soiif/icrn ] 
^.B 23 VII «j ] o T 2411 <Jj oBT- VIII jJjyB; LJ UT southern ] 
i_*> B 25 III 4 ] £ CD V £] 'tfB VII £] *D VIII jo ] <: C 

Dating of the star table 

The date of the star table is given in two places of the text: Chapter 3, lines 
106-107, and Chapter 4, lines 11-12; it is also given in two manuscripts in the 
headings of the star table itself. Apart from D, in which the relevant passages are 
both missing, all the manuscripts have the date 225 Yazdijird: CMK in words, BS 
in Hindu-Arabic numerals, L once in words and once in Hindu-Arabic numerals, 
and P once in Hindu-Arabic numerals and once in abjad . T has 224 in words twice 
(but in Chapter 4 with a correction supra to 225) and once on the table itself in 
Hindu-Arabic numerals. In the edition the majority reading of 225 is taken. 


Al-Fargham, Astrolabe, Ch, 4, Table 3 


129 


Notes on the star table 

(The numbers refer to the running numbers of the stars) 

1-20. The first twenty stars are taken from the table of 24 stars in the Mumtahan zij, 
which is dated to 214 AH [= 829-30 AD] (Mumtahan [1986], p. 188). Al-FarghanT 
has added 15 minutes to the Mumtahan longitudes for his epoch, 225 Yazdijird = 
856-57 AD. Since the time difference between the two star tables is about 25 years, 
it is obvious that al-Farghanl has applied the Ptolemaic value of precession, i.e. 1° 
in 100 years. Manuscript readings have sometimes been chosen for their agreement 
with the Mumtahan values. 

3. See Kunitzsch [1970], pp. 286-287, note c. 

6. See Kunitzsch [1970], p. 287, note i. 

16. See Kunitzsch [1970], p. 287, note m. 

21-25. The coordinates of these southern stars are taken not from the Mumtahan 
tables, but from the Almagest (star table dated 137 AD). In each case except no. 
24 the given longitude is the Almagest longitude + 11;12°; the latitude is taken 
over without change. See Kunitzsch [1970], p. 287, note n. 

23. The number of signs for this star is too small by 1, a mistake common in the 
Almagest tradition. See Kunitzsch [1986-1991], III, p. 175, under Baily number 
969. As for the value 44;43 for the declination, it should be noted that the similar 
value 44; 10 appears for the latitude in three Greek manuscripts and in the direct, 
“Sicilian”, Latin translation of the AlmagesL The entry in the Mumtahan tables for 
declination, 41;10, repeats the Ptolemaic values for latitude. Even more remarkable 
is the Mumtahan value for the degree of transit, 6s 19;32, which is the longitude 
derived from Ptolemy’s value as given here by al-Fargham, 

24. Here the longitude s the longitude in the Almagest + 12:45°. See Kunitzsch 
[1970], p. 287, note p. 

Additional stars tn B 
30v, below the table 

*unuq al-hayya wa-huwa muqaddam al-dhira*ayn } “the neck of the snake [= Hydra]; 
it is the preceding one of the two cubits” [A phantom star. See Kunitzsch [1999- 
2000], pp. 63-66.], [A] J[^?]>- ^ [/?] 10 north, [5] north [Two of these values 
are not translated, but are copied as closely as possible from the manuscript, since 
it is not clear what they mean ] 

30v, left margin 

dhanab al-jady , HE the tail of the goat” [6 Cap], altitude [t rtifd*\ 30 
d/iana6 qaytus> “the tail of Get us” [i Cet], [A] Psc 19, altitude 43 
batn qaytus , “the belly of Cetus” [f Cet], [A] Ari 14, altitude 42 

31r, right margin 

*unuq al-hayya^ “the neck of the snake” [a or /? Ser], [A] Sco 13, altitude 76. [Cf. 
al-BattanT’s list of principal stars (BattanI [1899-1907] II, p. 181, no. 37), where 
the altitude of /? Ser is given as 74°5', and his greater list (BattanI II, p. 152, no. 3), 
where the longitude is given as Sco 3° 10'] 

dhanab al-dulf\n t “the tail of the dolphin” [c Del], [A] Cap 25, altitude 65. 
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Table of Almucantars for the Equator and Latitude[s] 15 to 50 


Almucantars of [Lat. of] the Equator: hours 12;0 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

s t r a 

i g 1 

it 1 i 

n e 






1 

1122 

31 

1122 

21 

26 

44 

49 

40 

17 

2 

565 

31 

565 

11 

27 

43 

17 

38 

34 

3 

375 

31 

375 

0 

28 

41 

51 

36 

57 

4 

281 

46 

281 

5 

29 

40 

32 

35 

27 

5 

225 

26 

224 

35 

30 

39 

18 

34 

2 

6 

188 

2 

187 

0 

31 

38 

9 

32 

42 

7 

161 

20 

160 

8 

32 

37 

5 

31 

27 

8 

141 

12 

139 

50 

33 

36 

5 

: 30 

15 

9 

125 

38 

124 

5 

34 

35 

8 

29 

8 

10 

113 

11 

111 

28 

35 

34 

16 

28 

4 

11 

103 

0 

101 

5 

36 

33 

26 

27 

3 

12 

94 

31 

92 

27 

37 

32 

38 

26 

4 

13 

87 

21 

85 

7 

38 

31 

54 

25 

8 

14 

81 

13 

78 

48 

39 

31 

12 

24 

15 

15 

75 

55 

73 

20 

40 

30 

34 

23 

25 

16 

71 

18 

68 

32 

41 

29 

57 

22 

36 

17 

67 

12 

64 

16 

42 

29 

22 

21 

49 

18 

63 

35 

60 

28 

43 

28 

48 

21 

4 

19 

60 

21 

57 

4 

44 

28 

17 

20 

21 

20 

57 

28 

54 

0 

45 

27 

47 

19 

39 

21 

54 

50 

51 

12 

46 

27 

19 

18 

59 

22 

52 

27 

48 

38 

47 

26 

52 

18 

20 

23 

50 

17 

46 

17 

48 

26 

26 

17 

42 

24 

48 

18 

44 

8 

49 

26 

2 

17 

5 

25 

46 

29 

42 

8 

50 

25 

38 

16 

29 
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T Jr ] Jr_f- jrj D 5 j lyl add. T sub ^ l^ll abul et jUojSI 
JJISj add. CD, hie et in omnibus tabvlis almucantarat 0 [•] ] jil T; marg. 
CD, hie etin omnibus tabulis almucantarat 2 a—i 1 ] «L<C,wB, <— 7D <—J 2 ] 
X-C, <-j B, <-J D 3 ] xX C <«-i 2 ] <iui T 4 lij 2 ] J«ij CD 5 Sj] 

jjj CD, jk fs B 6 D S L? ] LnS C, j D Jol* ] Sj MSS j ] j 

B lli]ACB « ] S MSS 13 «] xB14 £] £BT 15 <: ] oTD 16 £ ] £B 
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Almucantars of [Lat. o 

f] the Eq r : 

hours 12;0 

no. 

dist. of 
centres 

semi- 

diatn. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

25 

16 

15 

54 

71 

20 

47 

6 

46 

52 

24 

56 

15 

21 

72 

20 

39 

6 

23 

53 

24 

36 

14 

48 

73 

20 

32 

6 

0 

54 

24 

17 

14 

16 

74 

20 

26 

5 

38 

55 

23 

59 

13 

45 

75 

20 

20 

5 

16 

56 

23 

42 

13 

16 

76 

20 

15 

4 

54 

57 

23 

25 

12 

45 

77 

20 

10 

4 

32 

58 

23 

9 

12 

16 

78 

20 

5 

4 

10 

59 

22 

55 

11 

48 

79 

20 

0 

3 

48 

60 

22 

41 

11 

21 

80 

19 

56 

3 

27 

61 

22 

28 

10 

54 

81 

19 

53 

3 

6 

62 

22 

15 

10 

27 

82 

19 

50 

2 

45 

63 

22 

3 

10 

1 

83 

19 

47 

2 

24 

64 

21 

51 

9 

35 

84 

19 

45 

2 

4 

65 

21 

41 

9 

10 

85 

19 

43 

1 

43 

66 

21 

31 

8 

45 

86 

19 

42 

1 

23 

67 

21 

21 

8 

21 

87 

19 

41 

1 

2 

68 

21 

12 

7 

56 

88 

19 

40 

0 

41 

69 

21 

3 

7 

32 

89 

19 

40 

0 

21 

70 

20 

55 

7 

9 

90 

19 

39 

0 

0 


19 ^ ] j. B 25 S] SB 27 j, ] B 28 b ) L BTD -j ] j CBTD 33 » ] a 
BT 35 jJ ] ACD 36 ±\ ^J CD /) SB 37 «_J ] M CD 38 X ] <iB 39 
N ] J CD 40J]JofCD 42J^]£CD 44 £]/CD 45 AJ ] J»T 

T 46j5"]y'CD 47 i_«j ] B 52 jiT] ^B IT]i)C 53 S] SB 54*] 
y. C 55 Ail ] Aaj BT 56 * ] y* BT 57 S] SB 58 * ] y B 59 £] * B 
61 X | ju CB, juTD 67 IT 3 ] J BT 68 y } y B 76 X ] x B 
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Almucantars of Latitude 15: 

hours 12;54 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

73 

20 

75 

55 






1 

68 

42 

71 

7 

26 

27 

13 

25 

19 

2 

64 

37 

66 

51 

27 

26 

37 

24 

33 

3 

61 

0 

63 

4 

28 

26 

3 

23 

49 

4 

57 

46 

59 

40 

29 

25 

31 

23 

6 

5 

54 

52 

56 

35 

30 

25 

1 

22 

25 

6 

52 

14 

53 

47 

31 

24 

32 

21 

46 

7 

49 

52 

51 

14 

32 

24 

4 

21 

8 

8 

47 

41 

48 

53 

33 

23 

38 

20 

31 

9 

45 

42 

46 

44 

34 

23 

12 

19 

55 

10 

43 

53 

44 

44 

35 

22 

48 

19 

20 

11 

42 

13 

42 

54 
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18 

46 

12 

40 
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41 

11 

37 

22 
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18 

14 

13 

39 

14 

39 

35 

38 

21 

42 

17 
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14 

37 

54 

38 
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39 
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23 

17 

12 

15 

36 

40 

36 

40 

40 

21 
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16 

42 

16 

35 

30 

35 
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41 

20 

44 
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12 

17 

34 

26 

34 
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42 

20 

27 

15 

44 

18 

33 

26 

32 

55 

43 

20 

10 

15 

16 

19 

32 

29 

31 

48 

44 

19 

54 

14 

49 

20 

31 

35 

30 

44 

45 

19 

39 

14 

23 
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30 

45 

29 

43 

46 

19 
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29 
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CD 0 ] JiSI B hie et similiter in tabulis usque ad altitudinem SO CB, 

-u T 1 £* ] .se- D 2 j— ] CD 3 ft ] CD, IT 5 ^ B 6 ju ] X T 

7 i_J ] C ju ] JJ T 9 Ju] uC 12 b ] t. T 13 .»*]«; BT 15 
lejJSBT.oJD 18 *f] jj^BT 20<,]x.BT 23 j ] £ D 39 

X] BT 41 jl* ] <* BT 43^] oC 50 <_v ] Jj B 55jT]yD 57 <* ] 
luB 60,_J]^C 62^]_,T 64y']y'BT 69_y ] <5* BT 72 1 ] 5 B 73 
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Almucantars of Latitude 15: 

hours 12;54 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist, of 
centres 

semi- 

diam. 

51 

18 

19 

11 

56 

71 

15 

45 

5 

18 

52 

18 

8 

11 

33 

72 

15 

41 

5 

1 

53 

17 

57 

11 

11 

73 

15 

37 

4 

44 

54 

17 

46 

10 

49 

74 

15 

33 

4 

26 

55 

17 

36 

10 

27 

75 

15 

29 

4 

9 

56 

17 

27 

10 

6 

76 

15 

26 

3 

52 

57 

17 

18 

9 

45 

77 

15 

23 

3 

35 

58 

17 

9 

9 

25 

78 

15 

20 

3 

18 

59 

17 

0 

9 

4 

79 

15 

18 

3 

1 

60 

16 

52 

8 

44 

80 

15 

15 

2 

44 

61 

16 

45 

8 

25 

81 

15 

14 

2 

28 

62 

16 

37 

8 

5 

82 

15 

12 

2 

12 

63 

16 

30 

7 

46 

83 

15 

11 

1 

55 

64 

16 

23 

7 

26 

84 

15 

9 

1 

38 

65 

16 

17 

7 

8 

85 

15 

7 

1 

21 

66 

16 

11 

6 

49 

86 

15 

6 

1 

5 

67 

16 

5 

6 

30 

87 

15 

5 

0 

49 

68 

16 

0 

6 

12 

88 

15 

4 

0 

32 

69 

15 

55 
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54 

89 

15 
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16 
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Almucantars of Latitude 16: hours 12;58 


no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

68 

32 

71 

18 






1 

64 

27 

67 

2 

26 

26 

27 

24 

44 

2 

60 

49 

63 

14 

27 

25 

53 

23 

59 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 16: 

hours 12;58 

no. 

dist. of 

centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 
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Al-Fargham, On the Astrolabe 
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Almucantars of Latitude 17: 

hours 13;2 

no. 

dist. of 
centres 

semi- 

diara. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 
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16 

67 

12 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 17: 

hours 13;2 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 
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Al-Farghanl, On the Astrolabe 
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Almucantars of Latitude 18: 

hours 13;6 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 
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Al-Fargham, On the Astrolabe 
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Almucantars of Latitude 18: 

hours 13;6 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

17 

12 

ii 

23 

71 

14 

54 

5 

6 

52 

17 

2 

ii 

2 

72 

14 

50 

4 

49 

53 

16 

53 

10 

41 

73 

14 

46 

4 

32 

54 

16 

43 

10 

20 

74 

14 

43 

4 

16 

55 

16 

34 

10 

0 

75 

14 

40 

4 

0 

56 

16 

26 

9 

40 

76 

14 

36 

3 

43 

57 

16 

17 

9 

20 

77 

14 

34 

3 

27 

58 

16 

9 

9 

0 

78 

14 

31 

3 

11 

59 

16 
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41 

79 

14 

28 

2 

54 

60 

15 

54 
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21 
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14 

26 

2 

38 
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15 

47 
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24 
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22 

62 

15 
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14 

22 
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6 

63 

15 

34 

7 

26 

83 

14 

21 

1 

50 
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15 

28 

7 
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20 

1 

34 
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15 

22 

6 
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19 

1 

19 

66 

15 

16 

6 

32 
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14 

18 

1 

2 
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15 

11 
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14 
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14 

17 
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46 

68 

15 

6 
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57 
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14 

17 
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15 
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AI-FarghanI, On the Astrolabe 
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Almucantars of Latitude 19: 

hours 13; 10 

no. 

dist. of 

centres 

semi- 

diam. 

no. 

dist. of 

centres 

semi- 

diam. 

[0] 

57 

4 

60 

21 






1 

54 

10 

57 

17 

26 

24 

19 

23 

7 

2 

51 

32 

54 

28 

27 

23 

50 

22 

28 

3 

49 

10 

51 

56 

28 

23 

22 

21 

49 

4 

47 

0 

49 

35 

29 

22 

55 

21 

12 

5 

45 

1 

47 

26 

30 

22 

30 

20 

36 

6 

43 

12 

45 

26 

31 

22 

6 

20 

2 

7 

41 

32 

43 

36 

32 

21 

42 

19 

28 

8 

39 

58 

41 

52 

33 

21 

21 

18 

56 

9 

38 

33 

40 

16 

34 

21 

0 

18 

25 

10 

37 

13 

38 

46 

35 

20 

40 

17 

54 

11 

36 

0 

37 

21 

36 

20 

20 

17 

24 

12 

34 

50 

36 

2 
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20 

2 

16 

55 

13 

33 

45 

34 

47 

38 

19 

44 

16 

27 

14 

32 

45 
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36 

39 

19 

28 

16 
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15 

31 

48 

32 

29 

40 

19 

11 

15 

33 

16 

30 

54 

31 

25 

41 

18 

55 
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17 
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30 

24 
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18 

40 

14 

40 

18 
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16 

29 

26 
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18 

26 

14 

16 

19 

28 
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28 

31 

44 

18 

12 

13 

51 
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27 

49 

27 

39 
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17 
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13 

27 
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27 
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26 
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17 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 19: 

hours 13;10 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 

centres 

semi- 

diam. 

51 

16 

51 

11 

13 

71 

14 

37 

5 

2 

52 

16 

41 

10 

52 

72 

14 

33 

4 

45 

53 

16 

32 

10 

32 

73 

14 

30 

4 

29 

54 

16 

23 

10 

11 

74 

14 

26 
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12 
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16 

14 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 20: 

hours 13;14 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

53 

59 

57 

27 






1 

51 

22 

54 

39 

26 

23 

40 

22 

38 

2 

48 

59 

52 

6 

27 

23 

12 

22 

0 

3 

46 

49 

49 

45 

28 

22 

45 

21 

23 
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44 

50 

47 

36 

29 

22 

20 

20 

47 
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43 
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45 

37 

30 
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55 

20 

12 
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43 
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31 
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32 

19 

38 
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39 
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10 

19 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 20: hours 13; 14 


no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

16 

30 

ii 
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71 

14 

20 

4 

58 

52 

16 

20 

10 

42 

72 

14 

17 
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42 

53 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 21: 

hours 13; 18 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

51 

11 

54 

49 






1 

48 

49 

52 

17 

26 

23 

1 

22 

10 

2 

46 

39 

49 

56 

27 

22 

35 

21 

33 

3 

44 

40 

47 

47 

28 

22 

9 

20 

57 

4 

42 

51 

45 

47 

29 

21 

45 

20 

23 

5 

41 

10 

43 

56 

30 

21 

22 

19 

49 

6 

39 

38 

42 

13 

31 

21 

0 

19 

17 

7 

38 

12 

40 

37 

32 

20 

40 

18 

46 

8 

36 

52 

39 

6 

33 

20 

19 

18 

15 

9 

35 

38 

37 

42 

34 

20 

0 

17 

45 

10 

34 

29 

36 

23 

35 

19 

41 

17 

16 

11 

33 

24 

35 

7 

36 

19 

23 

16 

48 

12 

32 

23 

33 

56 

37 

19 

6 

16 

20 

13 

31 

28 

32 

50 

38 

18 

50 

15 

54 

14 

30 

33 

31 

45 

39 

18 

34 

15 

27 

15 

29 

43 

30 

45 

40 

18 

19 

15 

2 

16 

28 

56 

29 

47 

41 

18 

5 

14 

37 

17 

28 

11 

28 

52 

42 

17 

51 

14 

13 

18 

27 

29 

28 

0 

43 

17 

38 

13 

49 

19 

26 

49 

27 

10 

44 

17 

25 

13 

25 

20 

26 

11 

26 

21 

45 

17 

12 

13 

2 

21 

25 

35 

25 

35 

46 

17 

1 

12 

40 

22 

25 

1 

24 

51 

47 

16 

50 

12 

18 

23 

24 

29 

24 

9 

48 

16 

39 

11 

56 

24 

23 
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27 

49 
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11 

35 
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48 
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16 

19 

11 

14 
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Al-Farghatu, On the Astrolabe 
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Almucantars of Latitude 21: 

hours 13;18 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

16 

10 

10 

54 

71 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 22: 

hours 13;22 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

48 

38 

52 

27 
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46 

28 

50 
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26 

22 

24 
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43 

2 

44 

29 
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57 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 22: 

hours 13;22 

no + 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

15 

50 

10 

45 

71 

13 

48 

4 

51 

52 

15 

40 

10 

24 

72 

13 

44 

4 

35 

53 

15 

32 

10 
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73 

13 

41 
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19 
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15 

24 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 23: 

hours 13;27 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

46 

17 

50 

17 






1 

44 

19 

48 

8 

26 

21 

49 

21 

18 

2 

42 

30 

46 

8 

27 

21 

24 

20 

43 

3 

40 

49 

44 

17 

28 

21 

1 

20 

10 

4 

39 

17 

42 

34 

29 

20 

39 

19 

37 

5 

37 

51 

40 

58 

30 

20 

18 

19 

6 

6 

36 

31 

39 

28 

31 

19 

58 

18 

36 

7 

35 

17 

38 

3 

32 

19 

39 

18 

6 

8 

34 

8 

36 

43 

33 

19 

20 

17 

37 
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33 
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35 

28 

34 

19 
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17 

9 

10 

32 
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33 

11 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 23: 

hours 13;27 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 24: 

hours 13;31 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

44 
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48 

15 
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AI-FarghanI, On the Astrolabe 
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Almucantars of Latitude 24: 

hours 13;31 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 25: 

hours 13;35 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

42 

8 

46 

29 
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44 
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Al-FarghanI, On the Astrolabe 
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Almucantars of Latitude 25: 

hours 13;35 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

14 

51 

10 

19 

71 

13 

0 

4 

40 

52 

14 

43 

10 

0 

72 

12 

57 

4 

25 

53 

14 

. 35 

9 

41 

73 

12 

54 
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10 

54 

14 

27 

9 

22 

74 

12 

52 

3 

55 

55 

14 

20 

9 

4 

75 

12 

49 

3 

40 

56 

14 

13 

8 

46 

76 
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47 

3 

25 

57 

14 

7 

8 

29 

77 

12 

45 

3 

10 

58 

14 

0 

8 

11 

78 

12 

43 

2 

55 

59 

13 

54 

7 

54 

79 

12 

41 

2 

40 

60 

13 

49 

7 

37 

80 

12 

39 

2 

25 

61 

13 

43 

7 

20 

81 

12 

37 

2 

10 

62 

13 

38 
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82 
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36 

1 

56 

63 
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33 
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83 
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34 
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ALFarghani, On the Astrolabe 
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Almucantars of Latitude 26: hours 13;40 


no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

40 

17 

44 

49 






1 

38 

45 

43 

6 

26 

20 

8 

20 

8 

2 

37 

20 

41 

30 

27 

19 

47 

19 

37 

3 

36 

0 

40 

0 

28 

19 

27 

19 

7 

4 

34 

46 

38 

35 

29 

19 

8 

18 

37 

5 

33 

37 

37 

15 

30 

18 

49 

18 

8 

6 

32 

32 

36 

0 

31 

18 

31 

17 

40 

7 

31 

31 

34 

48 

32 

18 

14 

17 

12 

8 

, 30 

35 

33 

42 

33 

17 

58 

16 

46 

9 

29 

41 

32 

37 

34 

17 

42 

16 

20 

10 

28 

51 

31 
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13 

15 
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38 
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22 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 26: 

hours 13;40 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

14 

32 

10 

11 

71 

12 

45 
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37 

52 

14 

24 
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52 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 27: 

hours 13;44 

no* 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

38 

34 

43 

17 






1 

37 

8 

41 

40 

26 

19 

37 

19 

47 

2 

35 

49 

40 

10 

27 

19 

17 

19 

17 

3 

34 

35 

38 

45 

28 

18 

57 

18 

47 

4 

33 

26 

37 

26 

29 

18 

38 

18 

18 

5 

32 

22 

36 

11 

30 

18 

21 

17 

50 

6 

31 

21 

34 

59 

31 

18 

4 

17 

23 

7 

30 

24 

33 

52 

32 

17 

48 

16 

56 

8 

29 

31 

32 

48 
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17 

32 

16 

30 

9 

28 

41 

31 

48 

34 
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16 

16 
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10 

27 

53 
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49 
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15 

40 

11 

27 
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Al-Fargha.nl, On the Astrolabe 
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Almucantars of Latitude 27: 

hours 13;44 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

14 

13 

10 

3 

71 
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30 
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34 

52 
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Al-FarghanI, On the Astrolabe 
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Almucantars of Latitude 28: 

hours 13;49 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

36 

57 

41 

51 






1 

35 

38 

40 

21 

26 

19 

7 

19 

27 

2 

34 

24 

38 

56 

27 

18 

47 

18 

57 

3 

33 

15 

37 

36 

28 

18 

28 

18 

28 

4 

32 

11 

36 

21 

29 

18 

11 

18 

1 

5 

31 

10 

35 

10 

30 

17 

54 

17 

34 

6 

30 

14 

34 

3 

31 

17 

38 

17 

7 

7 

29 

20 

32 

58 

32 

17 

22 

16 

41 

8 

28 

30 

31 

58 

33 

17 

6 

16 

15 

9 

27 

43 

31 

0 

34 

16 

52 

15 

50 

10 

26 

58 

30 

5 

35 

16 

38 

15 

26 

11 

26 

16 

29 

12 

36 

16 

24 

15 

2 

12 

25 

36 

28 

22 

37 

16 

12 

14 

39 

13 

24 

59 

27 

34 

38 

15 

59 

14 

16 

14 

24 

23 

26 

48 

39 

15 

48 

13 

54 

15 

23 

49 

26 
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40 

15 

36 

13 

32 

16 

23 
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25 
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15 

25 

13 

11 

17 

22 

46 
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15 

12 

50 
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0 

43 

15 
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12 
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19 

21 

49 

23 

22 

44 

14 

55 

12 
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20 

21 

23 

22 

45 

45 

14 

45 

11 

49 

21 

20 

57 

22 

9 

46 

14 

36 

11 

29 

22 

20 

33 

21 

35 

47 

14 

27 

11 

10 

23 

20 

10 

21 
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48 

14 

19 

10 

51 

24 

19 

48 

20 
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49 

14 

10 

10 

32 

25 

19 
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14 
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10 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 28: 

hours 13;49 

no* 

dist. of 
centres 

semi- 

diatn. 

no* 

dist. of 
centres 

semi- 

diam. 

51 

13 

55 

9 

55 

71 

12 

15 

4 

31 

52 

13 

47 

9 

37 

72 

12 

12 

4 

16 

53 

13 

40 

9 

19 

73 

12 

9 

4 

1 

54 

13 

34 

9 

2 

74 

12 

7 

3 

47 

55 

13 

27 

8 

44 

75 

12 
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33 

56 

13 

21 
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27 
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12 
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18 
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13 

15 
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10 
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Al-Fargham, On the Astrolabe 
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Almucantars of Latitude 29: 

hours 13;53 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

35 

27 

40 

32 






1 

34 

13 

39 

7 

26 

18 

37 

19 
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33 

4 

37 

47 

27 

18 

19 

18 
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AI-FarghanT, On the Astrolabe 
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Almucantars of Latitude 29: 

hours 13;53 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

13 

37 

9 

48 

71 

12 

1 

4 

28 

52 

13 

30 
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30 
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11 

58 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 30: 

hours 13;58 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

serai- 

diam. 

[0] 

34 

2 

39 

18 






1 

32 

53 

37 

58 

26 

18 

8 

18 

49 

2 

31 

49 

36 

43 

27 

17 

50 

18 

21 

3 

30 

48 

35 

31 

28 

17 

33 

17 

53 

4 

29 

52 

34 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 30: 

hours 13;58 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

13 

19 

9 

41 

71 

11 

46 

4 

25 

52 

13 

12 

9 

23 

72 

11 

44 

4 

11 

53 

13 
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9 
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73 

11 

41 

3 

57 

54 

12 

59 

8 

49 

74 

11 

38 
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42 

55 

12 

53 
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32 

75 

11 
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28 

56 
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34 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 31: 

hours 14;3 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

32 

42 

38 

9 






1 

31 

38 

36 

54 

26 

17 

40 

18 

31 

2 

30 

37 

35 

42 

27 

17 

23 

18 

4 

3 

29 

41 

34 

35 

28 

17 

6 

17 

37 

4 

28 

48 

33 

31 

29 

16 

51 

17 

11 

5 

27 

58 

32 

30 

30 

16 

36 

16 

46 

6 

27 

10 

31 

31 

31 

16 
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16 
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26 

30 

36 

32 

16 
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15 

57 
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44 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 31: 

hours 14;3 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

13 
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Al-Fargham, On the Astrolabe 
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Almucantars of Latitude 32: 

hours 14;8 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

31 

27 

37 

5 
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35 

53 
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17 

12 

18 

14 
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Al-Farghanl, On the Astrolabe 
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Almucantars of Latitude 32: 

hours 14;8 

no* 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

12 

44 

9 

27 

71 

11 

18 
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15 
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Al-Fargham, On the Astrolabe 
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Almucantars of Latitude 33: 

hours 14;13 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

30 

15 

36 

4 






1 

29 

19 

34 

57 

26 

16 

46 

17 

58 

2 

28 

26 

33 

53 

27 

16 

30 

17 

32 

3 

27 

39 

32 

52 

28 

16 

15 

17 

6 

4 

26 

48 

31 

53 

29 

16 

0 

16 

41 

5 

26 

4 

30 

58 

30 

15 

46 

16 

17 

6 

25 

22 

30 
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31 
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33 

15 

53 

7 

24 

43 

29 
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32 

15 

20 

15 
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24 
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23 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 33: 

hours 14; 13 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

12 

28 
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21 

71 

11 
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17 
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12 

22 

9 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 34: 

hours 14; 19 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

29 

8 

35 

8 






1 

28 

15 

34 
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26 

16 

19 
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27 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 34: 

hours 14;19 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

12 

11 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 35: 

hours 14;25 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

28 

3 

34 

15 






1 

27 

14 

33 

14 

26 

15 
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17 

27 
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26 
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33 

14 

24 

14 

44 

9 

22 

3 

26 

35 

34 

14 

13 

14 

23 

10 

21 

32 

25 

53 

35 

14 

2 

14 

2 

11 

21 

4 

25 

14 

36 

13 

52 

13 

42 

12 

20 

36 

24 

36 

37 

13 

42 

13 

20 

13 

20 

9 

23 

58 

38 

13 

33 

13 

2 

14 

19 

44 

23 

22 

39 

13 

23 

12 

42 

15 

19 

20 

22 

48 

40 

13 

14 

12 

23 

16 

18 

57 

22 

14 

41 

13 

5 

12 

4 

17 

18 

35 

21 

42 

42 

12 

57 

11 

45 

18 

18 

14 

21 

10 

43 

12 

49 

11 

27 

19 

17 

54 

20 

40 

44 

12 

42 

11 

9 

20 

17 

35 

20 

10 

45 

12 

34 

10 

51 

21 

17 

16 

19 

41 

46 

12 

27 

10 

33 

22 

16 

59 

19 

13 

47 

12 

20 

10 

16 

23 

16 

42 

18 

46 

48 

12 

13 

9 

59 

24 

16 

25 

18 

19 

49 

12 

6 

9 

42 

25 

16 

10 

17 

53 

50 

12 

0 

9 

25 


Note: For the table of latitude 35 D has wild values and was therefore not included 
in the collation. 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 35: 

hours 14;25 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

11 

55 

9 

9 

71 

10 

35 

4 

12 

52 

11 

49 

8 

53 

72 

10 

33 

3 

59 

53 

11 

44 

8 

37 

73 

10 

31 

3 

45 

54 

11 

38 

8 

21 

74 

10 

29 
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31 

55 
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33 
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11 

28 
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Al-FarghanI, On the Astrolabe 
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Almucantars of Latitude 36: 

hours 14;30 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

27 

3 

33 

26 






1 

26 

15 

32 

27 

26 

15 

29 

17 

12 
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25 

31 

31 

31 

27 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 36: 

hours 14;30 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 
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Al-Farghanl, On the Astrolabe 
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Alraucantars of Latitude 37: 

hours 14;36 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

26 

4 

32 

38 
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AI-FarghanT, On the Astrolabe 
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Almucantars of Latitude 37: 

hours 14;36 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 
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Almucantars of Latitude 38: 

hours 14;42 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

25 

8 

31 

54 
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27 

31 
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14 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 38: 

hours 14;42 

no* 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 
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Al-Farghani, On the Astrolabe 
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Almucantars of Latitude 39: 

hours 14;48 

no* 

dist. of 
centres 

semi- 

diam. 

no* 

dist. of 
centres 

semi- 

diam. 

[0] 

24 

15 

31 

13 
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23 

36 

30 

22 

26 

14 

18 
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33 
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59 
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Al-Farghan!, On the Astrolabe 




£ 

• ju oUL- Jol qI^Lia* 



jUaiSl 

jUI 

/!> 

JJlf- 

i_iLajl 

jli.3^1 

;U 

yyi 

J>JLP 

3 


L>* 

j. 

u 

j* 

c 

b 

L? 

b 

b 


f 

j. 


vJ 

c 


L? 

t— 

t 

>■ 

£ 

j. 


jd 

c 


L* 

d 

aT 



i. 

JLfr 

i_j 

c 

jJ 

\J 

JU 

l 


jJ 

j. 


j* 

J 

i 

LS 

</ 

i 



j. 


vJ 

J 

£ 

L? 

y 

<* 

cj 

S 

i. 

J* 

Ji 

J 

aT 

L? 

J 



JoT 

j» 

c* 


J 

j) 

l£ 

i 



£ 

j. 

JaP 

d 

J 

y. 

J 

Jo! 



y 

j. 


aJ 

J 

l_o*i 

tS 

(J* 


i 

y' 

j* 

u 

i> 

.5 

J. 

iS 

U 

u 

i 

<r 

Jo 


J 

J 

-5 

kS 

; r l - 

£ 

i 

aT 

J. 

A 


0 

V 

\S 


y 

i 

aT 

J. 

Ji 

d 

0 

Jflj 

J. 

JL** 


i 

X 

J. 

u 

aT 

0 

y 

Jo 


b 

9 

i 

J. 

y* 


0 

3 :* 

Jo 

>* 

d 

0 

vX 

Jo 

> 

J 

$ 

b 

Jo 

Jr 

<r 

0 

v/ 

J. 

t 

A 


d 

Jo 

d* 


0 


Jo 

Jof 

J 


r 

Jo 

-L- 

5 

0 


Jo 

cr 

Jd 


JL« 

Jo 

t 


1 jI]JT 2JJ]JiB J]a.B, a)*T 7£]£T 11 J ] J T 14^]^ 
BT 20 Joj ] -l»j C 21 y ] £BT 41 i_J ] JJ B, jJ T 46 -U ] £ BT j ] 3 
BT 47 * ] BT b ] 0 BT 48 j ] j B 49 £ ] £D 54 J ] ji B 65 y ] 
£ B aT]JT 66^’]^B GO^l^B 73£ 2 ]JB,a)T 75 a! ] o B 84 
y _\* B 86 X] u/BT b ] j BT 87 £] £ B 89 * ] BT 




Al-FarghanT, Astrolabe, Ch. 4, Table 4 


233 


Almucantars of Latitude 39: 

hours 14;48 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 
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Almucantars of Latitude 40: 

hours 14;54 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

23 

25 

30 

34 






1 

22 

48 

29 

45 

26 

13 

55 

16 

20 

2 

22 

12 

28 

58 

27 

13 

43 

15 

57 

3 

21 

39 

28 

13 

28 

13 

31 

15 

35 

4 

21 

7 

27 

30 

29 

13 

20 

15 

14 

5 

20 

37 

26 

49 

30 

13 

10 

14 

53 

6 

20 

9 

26 

9 

31 

13 

0 

14 

33 

7 

19 

41 

25 

30 

32 

12 

51 

14 

13 

8 

19 

15 

24 

53 

33 

12 

41 

13 

53 

9 

18 

50 

24 

17 

34 

12 

32 

13 

34 

10 

18 

26 

23 

42 

35 

12 

23 

13 

14 

11 

18 

3 

23 

8 

36 

12 

14 

12 

55 

12 

17 

41 

22 

35 

37 

12 

6 

12 

37 

13 

17 

21 

22 

4 

38 

11 

58 

12 

18 

14 

17 

1 

21 

33 

39 

11 

50 

12 

0 

15 

16 

42 

21 

3 

40 

11 

42 

11 

42 

16 

16 

24 

20 

34 

41 

11 

35 

11 

25 

17 

16 

6 

20 

6 

42 

11 

28 

11 

8 

18 

15 

49 

19 

38 

43 

11 

22 

10 

51 

19 

15 

33 

19 

11 

44 

11 

15 

10 

34 

20 

15 

17 

18 

45 

45 

11 

9 

10 

17 

21 

15 

2 

18 

19 

46 

11 

3 

10 

1 

22 

14 

48 

17 

54 

47 

10 

57 

9 

45 

23 

14 

34 

17 
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48 
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51 
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14 
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17 
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Al-FarghanI, On the Astrolabe 
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Almucantars of Latitude 40: 

hours 14;54 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

10 

36 

8 

42 

71 

9 

29 

4 

2 

52 

10 

31 

8 

27 

72 

9 

27 

3 

49 

53 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 41: 

hours 15;1 

no* 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

22 

36 

29 

57 






1 

22 

1 

29 

10 

26 

13 

34 

16 

9 

2 

21 

28 

28 

25 

27 

13 

22 

15 

47 
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20 

56 
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42 

28 
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11 

15 

25 

4 

20 
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27 
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15 
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12 
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14 

43 

6 

19 

30 

25 

42 

31 

12 

40 

14 

23 

7 

19 

4 

25 

4 

32 

12 

31 

14 

3 

8 

18 

39 

24 

28 

33 

12 

22 

13 

44 

9 

18 

15 

23 

53 

34 

12 

13 

13 

25 

10 

17 

52 

23 

19 

35 

12 

4 

13 

6 

11 

17 

30 

22 

46 

36 

11 

56 

12 

47 

12 

17 

10 

22 

15 

37 

11 

48 

12 

29 

13 

16 

50 

21 

44 

38 

11 

40 

12 

11 

14 

16 

31 

21 

14 

39 

11 

33 

11 

53 

15 

16 

12 

20 

44 

40 

11 

25 

11 

35 

16 

15 

55 

20 

16 

41 

11 

18 

11 

18 

17 

15 

38 

19 

48 

42 

11 

11 

11 

1 

18 

15 

22 

19 

22 

43 

11 

4 

10 

44 

19 

15 

7 

18 

56 

44 

10 

58 

10 

27 

20 

14 

52 

18 

30 

45 

10 

52 

10 

11 

21 

14 

37 

18 

5 

46 

10 

46 

9 

55 

22 

14 

24 

17 

41 

47 

10 

41 

9 

39 

23 

14 

10 

17 

17 

48 

10 

36 

9 

24 

24 

13 

57 

16 

53 

49 

10 

31 

9 

8 

25 

13 

45 

16 

31 

50 

10 

26 

8 

53 




































240 


Al-Farghanl, On the Astrolabe 
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Almucantars of Latitude 41: 

hours 15;1 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

10 

21 

8 

38 

71 

9 

16 

4 

0 

52 

10 

17 

8 

23 

72 

9 

14 

3 

47 

53 
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12 
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73 
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Al-Fargham, On the Astrolabe 
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Almucantars of Latitude 42: 

hours 15;7 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

21 

49 

29 

22 






1 

21 

16 

28 

37 

26 

13 

11 

15 

57 

2 

20 

45 

27 

54 

27 

13 
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15 

36 

3 

20 

15 

27 

12 

28 

12 
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15 
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Al-FargbanT, On the Astrolabe 
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Almucantars of Latitude 42: 

hours 15;7 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

10 

6 

8 

33 

71 

9 

3 

3 

58 

52 

10 

1 

8 

18 

72 

9 

1 

3 

45 

53 
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57 
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32 

54 
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52 

7 

48 
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19 

55 
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AI-Farghani, On the Astrolabe 
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Almucantars of Latitude 43: 

hours 15;15 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

21 

4 

28 

48 






1 

20 

32 

28 

5 

26 

12 

50 

15 

46 
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20 
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27 

23 

27 

12 

39 

15 
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19 

34 

26 

43 
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12 

29 

15 
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19 
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26 
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29 

12 

19 

14 

44 
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18 

41 
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27 
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12 

10 

14 

24 
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18 

17 

24 

51 

31 

12 
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14 
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17 

52 
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15 
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11 
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13 
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29 
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26 
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17 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 43: 

hours 15; 15 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 
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9 
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Al-Farghanl, On the Astrolabe 
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Almucantars of Latitude 44: 

hours 15;22 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

20 

21 

28 

17 






1 

19 

51 

27 

35 

26 

12 

28 

15 

35 

2 

19 

22 

26 

55 

27 

12 

18 

15 

: 14 

3 

18 

55 
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16 

28 

12 

8 

14 

54 

4 

18 

29 
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38 

29 

11 

59 

14 

34 
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25 
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30 

11 

50 

14 

15 
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28 
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13 
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19 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 44: 

hours 15;22 

no* 

dist. of 
centres 

semi- 

diam. 

not 

dist. of 
centres 

semi- 

diam. 

51 

9 

36 

8 

24 

71 
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37 

3 

54 

52 

9 

32 
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72 
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35 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 45: 

hours 15;30 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

19 

39 

27 

47 






1 

19 

11 

27 
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26 

12 

8 

15 

25 

2 

18 

44 

26 

28 

27 

11 

58 

15 
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18 

18 

25 

50 

28 

11 

49 

14 
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17 

53 

25 

14 

29 

11 

39 

14 
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17 

29 
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38 
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31 

14 
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17 
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22 

13 
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31 
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11 
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13 
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10 
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Al-Fkrgham, On the Astrolabe 
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Almucantars of Latitude 45: 

hours 15;30 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

51 

9 

22 

8 

20 

71 

8 

24 

3 

52 

52 

9 

17 

8 

5 

72 

8 

22 
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39 

53 
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13 
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73 
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Al-Fargham, On the Astrolabe 
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Almucantars of Latitude 46: 

hours 15;38 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

19 

0 

27 

19 
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18 

32 

26 

40 

26 

11 

47 

15 

15 
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26 
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27 
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38 
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A!-Farghanl, On the Astrolabe 
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Almucantars of Latitude 46: 

hours 15;38 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

serai- 

diam. 

51 

9 

7 

8 

16 

71 

8 

11 

3 

50 

52 

9 

3 

8 

1 

72 

8 

10 

3 

38 

53 
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59 
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47 

73 
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25 
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55 
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33 
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13 
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36 
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Al-FarghanT, On the Astrolabe 
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Almucantars of Latitude 47: 

hours 15;46 

no. 

dist. of 
centres 

serai- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

18 

20 

26 

52 






1 

17 

54 

26 

14 

26 

11 

28 

15 

6 

2 

17 

29 

25 

37 

27 

11 

19 

14 

46 

3 

17 

6 

25 

2 

28 

11 

10 

14 
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16 

44 
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29 

11 
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14 
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Al'FarghanT, On the Astrolabe 
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Almucantars of Latitude 47: 

hours 15;46 

no. 

dist. of 

semi- 

no. 

dist. of 

semi- 

centres 

diam. 

centres 

diam. 
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53 

8 

12 

71 

7 

58 
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Al'FargbanT, On the Astrolabe 
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Almucantars of Latitude 48: 

hours 15;55 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 
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Al-Fargbani, On the Astrolabe 
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Almucantars of Latitude 48: 

hours 15;55 

no. 

dist. of 

semi- 

no. 

dist. of 

semi- 

centres 

diam. 

centres 

diam. 
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Al-Fargham, On the Astrolabe 
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Almucantars of Latitude 49: 

hours 16;4 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

17 
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26 
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Al-FarghanI, On the Astrolabe 
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Almucantars of Latitude 49: 

hours 16;4 

no. 

dist. of 

semi- 

no. 

dist. of 

semi- 

centres 

diam. 

centres 

diam. 

51 
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Almucantars of Latitude 50: 

hours 16;14 

no. 

dist. of 
centres 

semi- 

diam. 

no. 

dist. of 
centres 

semi- 

diam. 

[0] 

16 

30 

25 

39 






1 

16 

7 

25 

4 

26 

10 

30 

14 

40 

2 

15 

46 

24 

30 

27 

10 

22 

14 

21 

3 

15 

26 

23 

58 

28 

10 

14 

14 

2 

4 

15 

7 

23 

27 

29 

10 

6 

13 

44 

5 

14 

48 

22 

56 

30 

9 

58 

13 

26 

6 

14 

30 

22 

26 

31 

9 

51 

13 

8 

7 

14 

13 

21 

57 

32 

9 

44 

12 

51 

8 

13 

57 

21 

29 

33 

9 

38 

12 

34 

9 

13 

41 

21 

2 

34 

9 

31 

12 

17 

10 

13 

26 

20 

35 

35 

9 

25 

12 

0 

11 

13 

12 

20 

9 

36 

9 

19 

11 

44 

12 

12 

58 

19 

44 

37 

9 

14 

11 

28 

13 

12 

45 

19 

19 

38 

9 

8 

11 

12 

14 

12 

32 

18 

55 

39 

9 

3 

10 

57 

15 

12 

19 

18 

31 

40 

8 

58 

10 

41 

16 

12 

7 

18 

8 

41 

8 

53 

10 

26 

17 

11 

56 

17 

45 

42 

8 

49 

10 

11 

18 

11 

45 

17 

23 

43 

8 

44 

9 

56 

19 

11 

34 

17 

1 

44 

8 

39 

9 

40 

20 

11 

24 

16 

40 

45 

8 

35 

9 

26 

21 

11 

14 

16 

19 

46 

8 

30 

9 

11 

22 

11 

4 

15 

58 

47 

8 

26 

8 

57 

23 

10 

55 

15 

38 

48 

8 

22 
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43 

24 
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46 

15 

18 

49 
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18 
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10 
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14 
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14 
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Almucantars of Latitude 50: 

hours 16; 14 

no. 

dist. of 

semi- 

no. 

dist. of 

semi- 

centres 

diam. 

centres 

diam. 

51 

8 

10 

8 

0 

71 

7 

22 

3 

44 

52 
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7 
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46 

72 

7 

21 

3 

32 

53 
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33 

73 
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20 
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20 

74 
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18 
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8 

55 

7 

58 

7 

6 

75 

7 

17 

2 

56 

56 

7 

55 

6 

53 

76 

7 

16 
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44 
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Table of Azimuths 

no. 

equator 

line 

lat. 

15 

lat. 

16 

lat. 

17 

lat. 

18 

Ari 

19 

39 

20 

20 

20 

26 

20 

33 

20 

40 

5 

18 

5 

18 

35 

18 

41 

18 

47 

18 

53 

10 

16 

35 

17 

0 

17 

6 

17 

12 

17 

18 

15 

15 

10 

15 

35 

15 

40 

15 

45 

15 

51 

20 

13 

47 

14 

15 

14 

20 

14 

25 

14 

30 

25 

12 

30 

12 

58 

13 

2 

13 

6 

13 

10 

30 

11 

20 

11 

45 

11 

49 

11 

53 

11 

57 

35 

10 

15 

10 

36 

10 

40 

10 

43 

10 

47 

40 

9 

10 

9 

30 

9 

33 

9 

36 

9 

39 

45 

8 

10 

8 

26 

8 

28 

8 

31 

8 

34 

50 

7 

12 

7 

25 

7 

27 

7 

29 

7 

32 

55 

6 

15 

6 

26 

6 

28 

6 

30 

6 

32 

60 

5 

18 

5 

28 

5 

30 

5 

31 

5 

33 

65 

4 

22 

4 

31 

4 

32 

4 

34 

4 

35 

70 

3 

28 

3 

35 

3 

36 

3 

37 

3 

39 

75 

2 

36 

2 

40 

2 

41 

2 

42 

2 

43 

80 

1 

44 

1 

46 

1 

47 

1 

47 

1 

48 

85 

0 

52 

0 

53 

0 

53 

0 

53 

0 

54 

90 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Note: In T the whole table of azimuths is written on one page, beginning from the 
bottom of the page and ending at the top. On its left side there is the main title, 
ansdf aqtdr dawa'ir at-sumut ft at-dfdq , Above the entire table is written ai-afdq , 
below jadwal al-sumut and to its right al-ajzd\ 
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Al-Farghani, On the Astrolabe 
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Table of Azimuths 

no. 

lat. 

lat. 

lat. 

lat. 

lat. 

19 

20 

21 

22 

23 

Ari 

20 

47 

20 

55 

21 

3 

21 

12 

21 

21 

5 

18 

59 

19 

5 

19 

12 

19 

20 

19 

28 

10 

17 

24 

17 

30 

17 

37 

17 

44 

17 

51 

15 

15 

57 

16 

3 

16 

9 

16 

16 

16 

23 

20 

14 

35 

14 

40 

14 

46 

14 

52 

14 

58 

25 

13 

15 

13 

20 

13 

25 

13 

30 

13 

36 

30 

12 

1 

12 

6 

12 

11 

12 

16 

12 

21 

35 

10 

51 

10 

55 

10 

59 

11 

3 

11 

8 

40 

9 

42 

9 

46 

9 

50 

9 

54 

9 

58 

45 

8 

37 

8 

40 

8 

44 

8 

48 

8 

52 

50 

7 

34 

7 

37 

7 

40 
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44 
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47 

55 

6 
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36 
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39 
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42 
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45 

60 
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35 
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37 
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39 
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5 

43 

65 

4 

37 
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39 
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40 
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42 

4 

44 

70 

3 

40 
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42 
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43 

3 

44 
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46 

75 

2 

44 

2 

46 

2 

47 

2 

48 

2 

49 

80 

1 

49 

1 

50 

1 

51 

1 

52 

1 

52 

85 

0 

54 

0 

55 

0 

55 

0 

56 

0 

56 

90 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table of Azimuths 

no. 

lat. 

lat. 

lat. 

lat. 

lat. 

24 

25 

26 

27 

28 

Ari 

21 

31 

21 

41 

21 

52 

22 

3 

22 

15 

5 

19 

37 

19 

47 

19 

58 

20 

9 

20 

21 

10 

17 

59 

18 

7 

18 

16 

18 

26 

18 

37 

15 

16 

30 

16 

37 

16 

45 

16 

54 

17 

3 

20 

15 

4 

15 

10 

15 

17 

15 

25 

15 

33 

25 

13 

42 

13 

48 

13 

55 

14 

2 

14 

10 

30 

12 

26 

12 

31 

12 

37 

12 

43 

12 

50 

35 
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13 

11 

18 

11 

23 

11 

29 

11 

35 

40 

10 

3 

10 

8 

10 

13 

10 

18 

10 

23 

45 

8 

56 

9 

0 

9 

5 

9 

10 

9 

14 

50 

7 

51 

7 

55 

7 

59 

8 

3 

8 

7 

55 

6 

48 

6 

51 

6 

54 

6 

57 

7 

0 

60 

5 

45 

5 

48 

5 

51 

5 

54 

5 

57 

65 

4 

46 

4 

48 

4 

50 

4 

52 

4 

55 

70 

3 

47 
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49 

3 

51 

3 

53 

3 

55 

75 

2 

50 

2 

51 

2 

53 

2 

54 

2 

56 

80 

1 

53 

1 

54 

1 

55 

1 

56 

1 

57 

85 

0 

57 

0 
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0 
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0 

58 

0 

59 
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Chapter 5 

On how to delineate the northern astrolabe 


Since we have finished putting down what tables are needed in making 
the astrolabe, let us now describe how we draw that. First we construct 
it with respect to the north pole 1 , since the northern hemisphere with 
the stars on it is the one that is more visible in the northern climates of 
the earth, and the stars near the south pole are either absolutely invis¬ 
ible in these climates or seldom visibile. Therefore we have restricted 
ourselves to setting out tables with respect to the north pole, following 
in it the practice [ c amal ] of the ancients. After that we shall describe 
how to make the astrolabe with respect to the south pole. In order not 
to prolong the discussion we shall restrict ourselves in the description 
of making the plates - making them round, making their surfaces per¬ 
fectly even and their planes parallel, and the division of the rim of the 
astrolabe into the divisions of the equator circle, which are 360 degrees 
- to the way in which the practitioners of this art are still making 
them. Since it is our aim to describe the delineation of the astrolabe 
only according to what we have described earlier, we begin with a de¬ 
scription of the delineation of what falls on the plate of the rete, which 
is the same for all climates. We do that with a comprehensive example. 


1 I.e. the projection is made onto the plane tangent to the north pole. 
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[lj We assume the plate of the rete to be circle ABGD and its 
centre point E. We draw its diameters intersecting at a right angle 
with AG B D on them. We make line AG the meridian line and line 
BD the horizon line at sphaera recta, as described earlier. We make a 
straight rule, e.g. rule Z'H' 2 \ we take on it [a distance] in the amount 
of diameter AG, which is H'T', and divide it into 60 parts \juz?\ in 
even divisions [gtsm] with no irregularity in them; we divide each part 
\jw?) into as many subdivisions [daqtqa] as possible for the size of the 
astrolabe - but we content ourselves with dividing its first five parts 
\ju£] into parts [juz 1 ] and subdivisions [daqiqa] and divide the rest into 
fives only 3 . We divide the rest of the rule into the same parts as H'T'. 
Then with the compasses we take from the parts of the rule 8 P 34', 
which, as we have explained, is the distance of the centre of the zodiac 
circle from the centre of the plate. Then we put one of the ends of the 
compasses on centre E and the other end wherever it reaches on line 
EA - let it fall at point K. Then we also take with the compasses [the 
distance] on the rule 21 p 26' and put one of its ends at point K and the 
other end wherever it reaches on line EA - the other end falls at point 
A, because line EA is thirty parts of the rule. We draw with it, about 
point K, the zodiac circle, on which are A L M N: it becomes clear 
according to what we have set out earlier that point A is the beginning 
of Capricorn, point L the beginning of Aries, point M the beginning 
of Cancer and point N the beginning of Libra. 


2 Letters referring to the rule are marked in the translation with a dash, i.e. 
Z', H', T'. The letters Z, H, T are later used for points on the rete. There is no 
distinction in the Arabic between Z and Z', etc. 

3 In the diagram here printed the first five parts are divided into individual 
parts, but no attempt at subdivision has been made. The dimensions of the parts 
supporting the star pointers and zodiac are the result of a compromise between the 
instructions in the possibly suspect passage at the end of the section on the rete 
(lines 104-113) and the diagram in C. 
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With the compasses we also draw, in circle ALMN, two circles 
about centre K, the distance between circle ALMN and whichever of 



[Fig. 5.1] 
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the two circles follows it - it is the middle one - being the amount 
of one of the parts of the rule and between this middle one and the 
smallest being the amount of two parts, so that [the space] between 
the smallest circle and the middle circle is for the divisions of the signs 
only and [the space] between the middle one and the greatest is for the 
divisions of the degrees of the signs. We restrict ourselves to having an 
example according to the sixth of 
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the complete astrolabe - that is, we make what is drawn on it of 
degrees of the sphere \falak] and the almucantars for every six degrees 4 . 
On the back of the plate of the rete, about the point coincident with 
[musamtfa] point K , we must draw a circle equal to circle AZAf/V and 
coincident with it, so that it is truest in the construction and furthest 
from deviation. Then we file the edge of the zodiac circle between 
the greatest and the middle [circles], so that the zodiac circle touches 
with its lower edge the plate in which the almucantars are drawn. The 
divisions of the degrees of the zodiac, which fall between the greatest 
and middle circle[s], touch with their outermost parts the surface of 
the plate of the almucantars at the circle drawn on the back of the 
plate of the rete. 

When we have perfected that, we divide the circle of the signs as 
I shall describe, viz we divide half the circle DABG , which is DAB , into 
180 equal degrees. Then we cut off from each of arcs DA BA [an arc] 
in the amount of the degrees of the ascension of Aries, which we have 
laid down in the table - it is 27°50 / . They are arcs DS BO . Then we 
put the rule on points S E and see where the rule falls on the zodiac 
circle in both its two halves 5 : it cuts it at points Q U ’ So arc LU is 
the degrees of the sign of Aries and arc QN is the degrees of the sign 
of Libra. Then we also put the rule at points O E and see where it 
falls on the zodiac: it cuts it at points X Q . So arc LX is the degrees 
of Pisces and arc NO is the degrees of Virgo. Then we also take from 


4 For simplicity, the degrees between the circles of the zodiac have been omitted 
from the diagram. 

5 In the diagram the construction lines H n T u E and L^K^E are indicated by 
dotted lines. These lines do not appear on the diagrams in the extant manuscripts. 
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the ascension table the degrees of the ascension of Aries and Taurus 
together, which are 57°44'. We proceed as we did [before], so that there 
emerge for us points R 0 Y J. So we shall have divided each of the 
quadrants of the zodiac into three parts. FYom each division we draw 
a line cutting off all the circles of the zodiac. On each division between 
the middle and smallest circle we write the names of the signs. We 
begin from arc LU and write in it “Aries” and follow it with the signs 
until the last of them. Then we also take from each of arcs DA BA 
[an arc] in the amount of the ascension of 6° of Aries, which is 5 a 29'. 
They are arcs DH BT. We put the rule on points H E and where the 
rule cuts the zodiac we mark points Z W. So point W is the position 
of 6° of Aries and point Z the position of 6° of Libra. We also place 
the rule on points T E and where it cuts the zodiac we mark points F 
C 6 : point F is the position of 24° of Pisces and point C is the position 
of 24° of Virgo. Then, on this model, we divide the rest of the zodiac, 
each sign into five divisions. Through the division points we pass lines 
between the greatest and the middle circle. We can divide 


6 Here the readings IV (i.e. j) and C (j») are accepted from T against all the 
other manuscripts. These have M (p) for IV, and H (^) or G (»■) for C. Not only 
have M and H (or G) been used already, but in the Eastern Arabic abjad alphabet 
as used for lettering diagrams C follows F-, and IV, if used, precedes Z. 
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the zodiac in a way easier than this way and close in correctness to 
what we have set forth earlier: it is that the plate of the rete clings 
to the plate of the mater of the astrolabe, so that each of lines AG 
DB rides its counterpart on the plate of the mater of the astrolabe. 
Then we put the rule at the same ascension, which we used [before], 
among the divisions of the rim of the astrolabe. By this [means] we 
can dispense with dividing semicircle ABD, but using the divisions of 
circle ABD would be further from error and more accurate to make. 

[2] After finishing the circle of the zodiac, we shall describe how 
we draw the positions of the fixed stars on the rete. For this we make 
an example of two stars. From the table we take the degree which 
passes the meridian line together with [the star] al-nasr al-td’ir [“the 
Flying Eagle”, a Aquilae]: we find it in Capricorn 11°40'. At its place 
in the zodiac on the rete we mark point H" 7 and draw line H"E, not 
incised, on the plate. Then with the compasses we take from the rule 
[a distance] in the amount of the semidiameter of the course of al-nasr 
al-tdSr in the table, which is 17 p 36'. We put one of its ends at point E 
and mark point T" where the other end reaches on line EH". So point 
T" is the position of al-nasr al-ta'ir on the rete. Then we also take the 
degree of passage [mediatio] of [the star] yad al-jawza’ [“the Hand of 
al-jawza'”, a Orionis] from the table: we find it in Gemini 


7 In this paragraph each of the letters H T K L carries a double dash. This is to 
distinguish them from the H T K L already used for other points in the diagram. 
With a few minor deviations, seven of the manuscripts have these letters in all 
places, but T has, respectively, / (£) V (Ji) K (jl) Y (,_$). It is here considered that 
H T K L were originally written, because they form a sequence in the letters used 
for diagrams - Y (,j) was not always included between T and K for this purpose 
- and it looks as if T was replacing already used letters by others. Presumably 
K remains even in T because the Arabic alphabet had been exhausted. Cf. the 
previous note, in which the existence of sequences in the letters was regarded as 
decisive. We may note that T and K have three separate diagrams for Fig. 5.1: 
for the rule, for the zodiac and its division, and for the zodiac and the fixed stars. 
In K the second diagram has an extra graduated semicircle outside BAD and the 
third is a simplified diagram for the stars al-nasr al-ta’ir and yad al-jawza’. (In K 
there is also a general diagram of the fixed stars on the rete, with star names but 
no letters.) Thus it is possible that the four letters under discussion referred to a 
diagram different from that containing the original appearance of these letters. 
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14°. At its position in the zodiac on the rete we mark point K". We 
draw line EK" and extend it to the edge of the plate. With the com¬ 
passes we take on the rule [a distance] in the amount of the semidiam¬ 
eter of the course of yad al-jawza’ in the table: it is 17°47'. We put one 
of its ends at point E and mark point L where the other end reaches 
on line EK". So point L is the position of yad al-jawza, 1 on the rete. 
In this way we obtain the positions of all the stars as described in our 
example. 

[3] When we have finished that, we must perforate the plate so 
that nothing remains of it except the zodiac, the positions of the stars 
and what joins them together up to the pole. We look at what we have 
inscribed of the northern stars, which is what falls inside the zodiac. 
What we find near the centre of the plate we attach to the surface of a 
small circle, which we draw about the centre of the plate; for example 
we attach the star[s] al- l ayyuq [a Aurigae], al-nasr al-wdqV [a Lyrae] 
and al-fakka [a Coronae Borealis] to the small circle in our example 8 . 
What we find near the zodiac we attach to the zodiac; for example 
we attach al-nasr al-ta.Hr [a Aquilae], ra’s al-hawwd 1 [“the Head of the 
Snake-Collector”, a Ophiuchi] and mankib al-faras [“the Shoulder of 
the Horse”, p Pegasi] to the zodiac. Then we see what there is of the 
southern stars. What there is of them near the edge of the plate we 
attach to an arc that we leave from the edge of the plate between the 
middle of Aquarius to the middle of Scorpius; for example we attach 
al-shi'rd al-yamaniya [“the Southern Sirius”, a Canis Maioris] 


s In the diagram only pointers for al-nasr al-waqi\ al-dabardn and qalb al-asad 
are drawn; and the positions of al-nasr al-.td’ir and yad al-jawza' are indicated by 
T" and L". The manuscripts indicate other stars mentioned in the text. 
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and qalb al-'aqrab [“the Heart of the Scorpion”, a Scorpii] to the arc 
that runs along the edge of the plate. What is near the zodiac we at¬ 
tach to another arc of the plate that we leave standing between the 
greater arc and the zodiac, such as al-dabardn [a Tauri], yad al-jawza 1 
[a Orionis], al-shi'rd al-sha’dmiya [“the Northern Sirius”, a Canis Mi- 
noris] and qalb al-asad [“the Lion’s Heart”, a Leonis] [which we attach} 
to the small arc affixed to the greater arc [along the edge of the rete]. 

When we have perfected that, we perforate all that is on the plate 
and we do not leave any of it [standing] except what we have mentioned 
and except a diameter that we leave of the plate. We arrange the zodiac 
and the stars and join them to the pole [by the mentioned diameter]. 
In order that our setting of the quantities in what we have made and 
shall make of the astrolabe be good, let us describe what quantities 
must be known in this matter. It is [as follows]: we make the width of 
the ring of the rim in the quantity of four parts from the divisions of 
the rule. We assign two thirds of that - along the outer edge of the 
ring - to the divisions of the fives, and the [remaining] third - along 
the inner edge - to the division of the units. We make the width of 
the zodiac ring in the quantity of three parts of the rule - two parts 
of that near the pole for the divisions of the signs 9 and the remaining 
part, towards the rim, is what we filed for the degrees of the divisions 
of the signs. The semidiameter of the circle near the pole is five parts; 
the width of the greatest arc near the edge of the plate is two parts. 


9 “divisions [^L-5t] of the signs”: perhaps “divisions between the signs" is meant, 
“the names [*L—i] of the signs" would be better, but is supported by not a single 
manuscript. 
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The width of the smaller arc is a part and a half and the width of the 
diameter is a part and a half. The thickness of the rete plate is equal 
to the thickness of two of the almucantar plates. 

[4] After finishing the rete, we describe how we draw in the al¬ 
mucantar plate all that it is necessary to draw in it of the circles of 
the almucantars, the azimuths, the hours, etc. We put what is clear 
of it in a comprehensive example for the place with latitude 30°. We 



assume the plate as circle ABGD and we draw its two diameters in¬ 
tersecting at a right angle at point E. We make line AG the meridian 
line and line DB the horizon 
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at sphaera recta , each of them equal to its counterpart on the rete 
plate. Then with the compasses we take on the rule [a distance] in the 
amount of the parts of the semidiameter of the course of Aries on the 
astrolabe; it is 19 p 39'. We put one of its ends at point E and draw with 
it circle ZH: this circle stands for the course of the beginning of Aries 
and Libra. We also take with the compasses [a distance] in the amount 
of the parts of the semidiameter of the course of Cancer; it is 12 p 52'. 
We also draw with it circle TY about centre E: this circle stands for 
the course of the beginning of Cancer. Similarly, when we want to draw 
in the plate the courses of the beginnings of the other signs, we look at 
the distance of the [respective] degree from the north pole. With the 
difference [i.e. 180° minus the distance from the north pole] we enter 
the table of courses: what we find opposite it of the semidiameters - in 
the amount of that we take [a distance] on the rule with the compasses. 
With it we draw in the plate a circle for that degree. These circles are 
of the same size for all plates and for all climates. 

Then after that we look at the climate whose latitude is the same 
as the latitude of the plate on which we are drawing. On it we take 
the distance of the centre of the horizon circle from the centre of the 
plate, as, for example, we took in this given climate the distance of 
the centre of the horizon circle, which is 34 p 2'. With the compasses we 
take [a distance] of that amount on the rule and put one of its ends at 
point E and the other where it reaches on line EA. If it falls outside 
the plate, we add to line EA what 
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we need, e.g. in our example we add line AK to line EA ♦ We put the 
end of the compasses at point K . Then we also take with the compasses 
on the rule [a distance] in the amount of the parts of the semidiameter 
of the horizon circle, which in this climate is 39 p 18 / . We put one of its 
end at point K and draw with it on the plate arc LMN\ it is the horizon 
arc on the plate. Since we have assumed the plate [to be] for the sixth 
of a complete astrolabe, we also take from the table of almucantars the 
distance of the centre of the almucantar of 6°: we find it [to be] 28 p 9 / . 
With the compasses we take on the rule [a distance] in the amount 
of that. We put one of its ends at point E and where [the other end] 
reaches on line EA we mark point S > Then with the compasses we 
also take on the rule [a distance] in the amount of the parts of the 
semidiameter of this almucantar; it is 32 p 19'. We put one of its ends 
at point S and draw with it on the plate arc OFQ : it is the arc of 
the almucantar of 6°. In this way we draw all the almucantars until 
we arrive at the altitude of 90 D . We take the distance of 90° from the 
table; it is ll p 20'. With the compasses we take on the rule [a distance] 
in the amount of that. We put one of the ends of the compasses at 
point E and where the other end falls on line EK we mark point C 10 : 
it is the place of the zenith on the plate. 


10 j*, here translated as “C”, is also the abjad for 90 in the Eastern Arabic series. 
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We must check the correctness of the work [by verifying] that the 
horizon arc, the horizon line at sphaera recta and the circle of Aries 
and Libra intersect at two points on the eastern and western sides 
common to all of them and [that] the almucantar whose altitude is 
in the amount of the latitude of the locality touches the horizon at 
sphaera recta at the centre of the plate. When what we have described 
does not fit together, an error has crept into the work. 

Then we write on each of the almucantars the amount of its 
distance from the horizon on both sides, i.e. to the east and west near 
the edge of the plate, until we end up with writing on both sides at 
the circle that falls in the plate complete: after that we write [the 
numbers] near the meridian line [only] once until we end up with the 
number “90” at the zenith point, i.e. point C, as we do in our example. 
We write near the eastern horizon “East” and near the western “West". 
If we are working for a third of the complete astrolabe, we take of the 
almucantars, instead of 6°, what is opposite 3°; if it is a half-[astrolabe], 
2°; and if it is a complete one, what is opposite each single degree. We 
proceed as we did in this figure. 


4 
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[5] When we have finished the almucantars and we want to draw 
the azimuth circles, let there be what is drawn of them on a sixth of a 
complete astrolabe for every 10®, and what exceeds a “sixth” astrolabe 
of sizes until the complete astrolabe for every 5°. In the climate whose 


A 



latitude is 30° we take what is in the first line; it is for the azimuth of 
[the first point of] Aries. We find it to be 22 p 41'. We take [a distance] 
in the amount of that on the rule with the compasses and put one of 
its ends at point C and make a mark where 
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the other end reaches on line CG, point O. About centre O and with 
distance OC we draw an arc for the azimuth of Aries and Libra, cutting 
the horizon of the sphaera recta and the horizon of the climate and the 
circle of Aries, ail of them, at points Z H. If it does not fall out like that, 
an error has crept into the work. Then on the plate we pass through 
point 0 a line parallel to line DB, not incised on the plate, on which 
are H‘ T n . From the table we take what is opposite 10° of azimuth; 
we find 19 p . In that amount we take [a distance} with the compasses 
on the rule; we put one of its ends at point O and where the other end 
reaches on lines OH' OT on both sides we mark points K L. Then on 
line OH' we seek a point [such that], when we fix one of the ends of the 
compasses on it, we can by opening the compasses pass with the other 
end through points C L. When we have found it, we fix one of the ends 
of the compasses on it and with the distance of point C we draw an 
arc, arc SCY: arc HY on the horizon arc [stands] for the azimuth of 
10° from the rising point of Aries towards the north and arc ZS stands 
for the arc of 10° from the setting point of Aries towards the south. 
Then we also seek on tine OT a point [such that], when we fix one of 
the points of the compasses on it, then, opening it, we can pass with 
its other end points C K. When we have found it, we fix one of the 
ends of the compasses on it and with distance of C draw an arc, arc 
MCN: arc HN [stands] for the azimuth of 10° from the rising point of 
Aries towards the south and arc ZM for the azimuth of 


11 The letter H is given a dash to distinguish it from the H already used. 
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10° from the setting point of Aries towards the north. Then in the 
table we also take what is opposite 20° and with it we do as we did 
with these circles. We do the same for all the azimuth circles. When we 
end up at the circles that are near the meridian line and we need more 
[an addition] in line H'T on both sides, we extend it in a straight line 
infinitely. On it we seek the positions of the centres as we have done. 
Our drawing of the azimuth arcs about all those centres should be in 
the distance of point C without our passing with the arcs through the 
small circle from [among] the almucantar circles that is near point C, 
so that the lines do not become too dense there and the place become 
confused. Also, the lines there become very close to each other and are 
not needed. Then we write on each of the azimuth arcs the amount 
of its distance from the meridian line on the horizon arc. We begin 
the counting at the meridian line towards the south in both directions 
until we reach with the countings of 180° each in both directions at 
the meridian line towards the north. 

[6] After that we shall describe how to draw the unequal [mu'waj- 
ja] and the equal [mustawiya] hours. When we want to draw the un¬ 
equal hours, we divide arc LGN of the circle of Capricorn and the two 
arcs corresponding to it on the course of Aries and Cancer below the 
Earth, each of them into twelve equal parts. Then we seek a place [such 
that], when we fix one of the ends of the compasses on it, 
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we can by opening it pass with the other end at the three first divisions 
of the circles near the west. When we have found this place, we draw 
about it an arc passing through the three points between the course[s] 


A 



of Capricorn and Cancer. Then we do the same with the other divisions 
until we join between each of the points of the divisions of the arc of 
Capricorn and their counterparts on the arcs of Aries and Cancer. 
When we have done that, we write on the first arc near the west point 
“one hour" and on the next following “two hours”; then we write in 
the same way further on until we end up 
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with the number of twelve hours at the horizon arc near the east point, 
as we do in the following diagram. 

[7] When we want to draw the equal hours, we draw the same 
plate again. We draw again the courses of Cancer, Aries and Capricorn, 
the horizon circle and the lines of the unequal hours. Then we divide arc 
LGN, on the course of Capricorn, by the number of the hours of the day 
hours of Cancer, which are in this given climate approximately fourteen 
hours. We divide arc KSO , which belongs to the course of Cancer, by 
the number of hours of Capricorn, which are ten. The divisions of arc 
HTY are similar to them, twelve divisions, because the number of the 
unequal hours of Aries is as the equal [hours]. Then we begin from the 
western side with the three first divisions: we draw on them an arc, 
just as we showed in the arcs of the unequal hours, like arc FC\ then 
on the three points that are near them, [i.e. the next three divisions,] 
until we end up at the tenth hour at the point on which the horizon arc 
intersects the course of Cancer, which is point K ‘ When we have done 
that, we fit the rete plate onto the almucantar plate. From it we obtain 
the degree whose equal night hours are eleven hours in the climate. We 
rotate that degree until we place it on the horizon arc near the east: it 
falls between points 
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K H y at point Q . Through point Q and the two points corresponding 
to it on the circles of Aries and Capricorn we draw an arc, say arc QR: 
this arc stands for eleven hours. Then we also obtain with the rete the 


A 



degree whose night hours are 13 hours. We rotate that degree until we 
place it on the horizon arc near the east: it falls at point S n between 
points H L. About centre E and with the distance of point E we draw 
arc EY n3 y not incised, on the plate. Then we bisect it at point U . 
Then through points H U and the point corresponding to them on arc 
LGN we draw arc HU0 14 : it stands 

12 In this pasage ^ (C) appears for this letter throughout in all manuscripts 
(though P may have ^ once in the combination L _$J* - the film available to me is 
not clear), but because ^ has already been used in the diagram, j+ (£) has been 
assumed as intended. 

13 Here the single dash on the letter Y is used to distinguish this Y from the one 
already used in the diagram. 

14 0, i.e. ^ appears only, possibly, in MS T, Ail the other manuscripts have ^ 
(Z>). 0 is here preferred since D has already been used and al-Fhrghanl has already 
used letters from the end of the alphabet (e.g. o (1/)). 
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for 12 hours. Then through point 27 and the remaining [division-] point 
of the course of Capricorn we also draw an arc, as we did [before]: it 
will stand for 13 hours. Point L stands for the completion of 14 hours. 
Similarly if the hours are more than 14, to whatever they reach, we 
do with them just as we did [before], i.e. we draw all the full [snhfha] 
hours on the western side; there remains a fraction, if it is in them, on 
the eastern side. We write on them the number[s] near the west until 
we end up with the last of the numbers at the eastern horizon, as we 
have done in this figure. 

[8] The construction of the shadow 

After that we shall describe how we draw the shadow on the astrolabe. 
We restrict ourselves to drawing in it what is between the shadow of 
the altitude of 15° to 90°. As for the shadow of what is less than 15° of 
altitude, the lines become more numerous and closer to each other. We 
put that in the example of circle ABGD and we imagine it as the circle 
of the back of the astrolabe. We draw its two diameters intersecting at 
a right angle at point E. We make point E correspond to the point of 
the pole in the mater [frd£m] of the astrolabe, so that no error occurs 
in that. In circle ABGD we draw two other circles, just as we did in 
the zodiac for the divisions of the fives and the divisions of the ones. 
We make the place of the suspension point A. We divide arc AB into 
90 equal degrees 
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and write on them the numbers from point B successively towards 
point A. When we have done that correctly, we put the rule at the 
altitude of 15° and where the rule falls on arc GD 


A 



we mark point H. From point H we draw a line parallel to line DE, 
not incised, on the plate - on it are H T. We place the rule on point 
E and on altitude 45° and where the rule cuts line HT we mark point 
S: line ST is equal to line TE. If it were not so, there would be a fault 
in the work. Then we divide line ST into 12 equal parts [gism] and 
divide the rest of line SH into parts the same [size as the parts of] ST ; 
so the total of 
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the parts of line HT is near to 45 parts. Then we put the rule on point 
E and at 5 parts \juz'\ of line TH near point T, and where the rule 
cuts the greatest circle we mark point K. Then we put the rule also 
on point E and on 10 parts of line HT and where the rule cuts the 
great circle we mark point L. Then we do the same with all the fives 
of the total number[s]: on arc GH there fall for us 9 divisions [gism]. 
We write on them the numbering from point G successively towards 
point H. When we put the rule again on point E and on l p , near point 
T, and where the rule cuts the smallest circle we mark point M. Then 
we do the same with the remaining divisions of the units, division by 
division, until we have completed all the degrees. 

[9] Construction of the shadow of the gnomon [al-‘ud] 15 

To complete the work, we describe how we draw in the astrolabe the 
line by which is determined the time at which the shadow of the 
gnomon exceeds the quantity of its shadow at midday by the equal 
of the length of the gnomon; and that is easy because of what we have 
constructed of the shadow. In the model [mithal] of the astrolabe, be¬ 
tween the lines of the eighth hour and the tenth hour of the unequal 
hours we draw arcs of the courses of 
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the beginnings of the signs, not incised, in the plate, as drawn in this 
figure. We take the midday altitude of Cancer in this given climate: 



G 


we find it 83 and a half degrees approximately. We find the shadow of 
that altitude to be a part and a third. We add to it the equal of the 
length of the gnomon, which is 12 parts. So it reaches 13 and a third 
parts. We transform them from shadow to altitude: there emerges for 
us 42°. We put the beginning of Cancer, in the zodiac, at the altitude 
of 42° on the almucantar 
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plate near the west. Where the beginning of Capricorn falls on the 
course of Capricorn we mark point Z. Then we also obtain the midday 
shadow of the beginning of Leo; we proceed with it as we proceeded 
with the beginning of Cancer, in order to determine the attitude of 
the Sun at that time towards the west. We put the beginning of Leo 
on the equal of that altitude; we look at where the opposite of the 
degree, which is the beginning of Aquarius, falls on the course of the 
beginning of Aquarius: there we mark point H. Then we do similarly 
with the beginnings of the other signs until we have obtained all the 
marks [i.e. points], as in this figure points Z H T K L M N. Then we 
join them together with approximately similar arcs. When, therefore, 
the opposite of the degree of the Sun falls on this line, it is the time at 
which the shadow exceeds the midday shadow by twelve digits [tsfoz 1 ]. 

[10] As for the time at which the beginning of the light of dawn 
and the ending of the light of dusk are fixed, which are from the reflex 
by the Earth’s sphere of the light of the Sun, it is not necessary to 
draw it, since it is the same time in all climates and at all times of the 
year. Its times may change with the change of atmosphere and with the 
increase or decrease of the light of the Moon at that time. As for [the 
situation] approximately at the equinox, it occurs when the distance 
between the Sun and the horizon circle is 17° on the great circle drawn 
through the Sun 
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and through the zenith point. After we have finished what we have de¬ 
scribed we make the alidade of the astrolabe, the two sights [libnatan], 
the pin [gtitfej and the “horse” as they have always been made. 


Chapter 6 

On how to delineate the southern astrolabe 


As for how the Ancients made the astrolabe with respect to the north 
pole according to the argument that we have given, it is what we have 
already described. It may be necessary, for the completion of the work 
with the argument that we have presented, to describe how to make 
the astrolabe with respect to the south pole. 

Let us first describe in a comprehensive way the distinction be¬ 
tween the two types; that is what does not need many words in its 
explanation. To that belongs that the zodiac is formed in the south¬ 
ern astrolabe like that in the northern astrolabe - i.e. in the distance 
of its centre, the size of its diameter and the degrees of its division - 
except that the place of each sign in the southern falls at the place 
of its opposite in the northern; so the northern half takes the place of 
the southern and the southern takes the place of the northern, because 
the ratio of the declination of each of the degrees of the northern half 
of the zodiac to its distance from the north pole is as the ratio of the 
declination of its opposite from [among] the degrees of the southern 
half of the zodiac to its distance from the south pole. 
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As for the fixed stars, the degrees with which they pass at the 
meridian line are the same in both types. The semidiameters of their 
courses are different: in the southern astrolabe their distances from 
the south pole are applied so that their semidiameters in it emerge 
for us, as we shall show after this discussion. The stars that occur 
on the southern astrolabe are those whose courses are between the 
south pole and the course of the beginning of Cancer, just as those of 
them that occur on the northern astrolabe are those whose courses are 
between the north pole and the course of the beginning of Capricorn. 
And [even] when the size of the astrolabe plate is increased, the course 
of the beginning of Capricorn in the northern [astrolabe] or the course 
of the beginning of Cancer in the southern runs along it [sc. the rim 
of the plate]. 

As for the circles of the altitude almucantars, their centres fall in 
it [sc. the southern astrolabe] on the meridian line on both sides, i.e. 
the northern and southern sides. As for the horizon circles in the north¬ 
ern climates, their semidiameters are equal [to those in the northern 
astrolabe] in all the climates, as is the case with the great circles in the 
sphere of the heavens: its [i.e. the horizon circle’s] size in the southern 
astrolabe is equal to its size in the northern. But the centres of the 
the horizon circles in the southern [astrolabe] fall on the meridian line 
towards the north. The almucantars are all different from their sizes on 
the northern astrolabe. The centres of those of them that are between 
the horizon circle and the almucantar whose altitude is in the quantity 
of the latitude of the climate fall on the meridian line towards 
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the north. The one almucantar whose altitude is equal to the latitude 
of the climate appears as a straight line; and of the remainder of the 
almucantars to altitude 90° the centres fall on the meridian line towards 
the south. 

As for the azimuth circles, they are all great circles and their sizes 
in both the northern and southern astrolabe[s] are the same. The line 
on which their centres fall in the southern astrolabe cuts the meridian 
line towards the south and its distance from the zenith point in it [sc. 
the southern astrolabe] is as [sc. equal to] its distance from it in the 
northern astrolabe. When the latitude of the climate is less than the 
total declination, the zenith point falls inside its [i.e. Cancer’s] course. 
If it is greater than it, it falls outside the course of Cancer. We shall 
show all of that in what follows this passage [mawdt']. 

[1] We assume the plate of the rete to be circle ABGD and its 
centre point E. We draw its two diameters intersecting at a right angle. 
Line AC is the meridian line and line DB is the horizon at sphaera 
recta. Then we draw in it the zodiac and divide it as we divided it in 
the northern astrolabe. Then we write on the divisions the names of 
the signs, beginning with Aries in the place in which we established 
Libra in the northern astrolabe and following it up with the rest of the 
signs. So the beginning of Cancer falls in this diagram in the place of 
the beginning of Capricorn in the northern 
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diagram [i.e. the diagram of the northern astrolabe]. When we have 
done this appropriately, we begin drawing the fixed stars. I say first: 
we have established in the table the semidiameters of their courses in 
the northern astrolabe; and as for [the same] in the southern, we obtain 
them as I shall describe. 



(Fig. 6.1] 


D 


G 


We take first the degree of the passage [i.e. the mediatio ] of [the 
star] Yad al-Jawza’ [a Orionis], with which we worked in the northern 
[astrolabe]: it is Gemini 14°. We mark its position in the zodiac as 
point H\ we draw line EH, not incised, on the plate. Then we also take 
from the star table the distance of Yad al-Jawza 1 from the equator: we 
find it 5°42' on the northern side. So its distance from the south pole 
is 95° 42'. 
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[With] that we enter the table of courses and take what is opposite it: 
we find it to be 21 p and two thirds of a part approximately. Then with 
the compasses we take on the rule [a distance] in the amount of that 
and put one of the ends of the compasses at point E, and where the 
other end cuts line EH we mark point Z: point Z is the position of 
Yad al-Jawzff. 

Again, we take the degree of passage of Suhayl [a Carinae]; we 
find it at Gemini 29°43'. At its place in the zodiac we mark point 
T. We draw line ET, not incised, on the plate. Then we again take 
from the table the distance of the star Suhayl from the equator line 
[khatt al-istiwff]: we find it 51‘ > 27' on the southern side. So its distance 
from the south pole is 38°33'. [With] that we enter the table of the 
courses and take what is opposite it: we find it 6 P and a half and 
a third of a part approximately. Then on the rule we take with the 
compasses [a distance] in that amount and put one of its ends at point 
E; where the other end cuts line ET we mark point M. So point M is 
the position of the star Suhayl. According to that example we obtain 
the semidiameters [of the courses] of the stars in the southern astrolabe 
and inscribe them on it. Then we proceed with the addition of those 
stars that are near the pole, the zodiac and the rim of the rete, as we 
did with the northern astrolabe. 
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[2] After that we describe how to draw the plate of the almu- 
cantars. We assume the plate to be ABGD and its centre point E\ 
we draw its two diameters intersecting at a right angle. On the rule 
we take with the compasses [a distance] in the amount of the distance 
of the centre of the horizon circle from the centre of the plate in the 
assumed climate, of which the latitude is 30°; it is 34 p 2'. We put one of 
the ends of the compasses at point E , and where the other end reaches 
on the meridian line on the northern side we mark point K . We also 
take on the rule with the compasses [a distance] in the amount of the 
semidiameter of the course of the horizon circle; it is 39 p 18'. We put 
one of the ends of the compasses at point K and draw with it on the 
plate arc ZML - it is the arc of the horizon in this astrolabe. 

Then after that we take the almucantar of 6° and we add it to 
the latitude of the climate. So its nearest distance from the south pole 
is 36°. We add 6 ? to 150°: its furthest distance from the south pole is 
156°. [With] the numbers of the two distances we enter the table of 
courses. We find what is opposite the 36° to be 6 P 23' and find what is 
opposite what is opposite the 156° to be 92 p 27\ On the rule we take 
with the compasses [a distance] in the amount of the 6 P 23': we put one 
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of its ends on point E and where the other end of the compasses 
reaches on the southern meridian line we mark point Y. Then we add 



the 6 P 23' to the 92 p 27' and take half of the sum: the semidiameter 
of this almucantar is 49 p 25'. On the rule we take with the compasses 
[a distance] in the amount of that and put one of its ends on point 
Y, and where the other end reaches on the northern meridian line we 
mark point H. With the compasses we draw, about centre H and with 
distance HY , arc TYN on the plate; it is the arc of the almucantar of 
6 °. 
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Then we proceed similarly with the other almucantars until we 
arrive at the almucantar whose altitude above the horizon is in the 
amount of the latitude of the region; it is the almucantar of 30° in 
this climate. So its nearest distance to the south pole is 60° and its 
furthest distance from it is 180°. We take what is opposite 60° in the 
table of the courses and find it to be ll p 20'. On the rule we take with 
the compasses [a distance] in the amount of that. We put one of its 
ends on point E and where the other end cuts the meridian line on the 
south side we mark S. Through point S we draw line OSQ , parallel to 
line DEB ; it is the line of the almucantar of 30°. 

Then we also take the almucantar of 36°; we find its nearest 
distance from the south pole to be 66° and its furthest distance 174°. 
[With] the numbers of the two distances we enter the table of courses 
and find what is opposite the 66^, 12 p 46 / , and what is opposite the 174° 
to be 375 p 2'. On the rule we take with the compasses [a distance] in 
the amount of the 12 p 46'. We put one of its ends on point E and where 
the other end reaches on the meridian line we mark point F. Then we 
subtract the 12 p 46' from the 375 p 2' and take half of what remains: the 
semidiameter of this 
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almucantar is 181 p 8'. On the rule we take with the compasses [a dis¬ 
tance] in the amount of that and put one of its ends on point F } and 
where the other end cuts the southern meridian line we mark point U . 
With the compasses we draw, about centre U and with distance UF 
arc XFO on the plate. It is the almucantar of 36°. Then we proceed 
similarly with the remaining almucantars until we arrive at the almu¬ 
cantar whose altitude in this climate is 84°; that is near to the course 
of Cancer in the sphere. This almucantar falls outside circle ABGD 
and is near to touching it. 

[3] Also, we describe how we draw the azimuth arcs in this as¬ 
trolabe. When the zenith point does not fall inside the plate we obtain 
in its stead the place of the point that lies opposite it in the sphere, so 
that our delineation of the azimuth arcs with their distance^] from the 
places of the centres is as I shall describe. We take in this climate the 
distance of the point opposite the zenith point from the south pole; we 
find it to be 60°. [With] that we enter the table of courses and take 
what is opposite it: we find it to be ll p 20'. On the rule we take with 
the compasses [a distance] in the amount of that; we put one of its 
ends on point E and where the other end reaches on the meridian line 
towards the north we mark point G : point C is the point opposite the 
zenith. Then we take from the azimuth table in the column 
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of the given climate what is in the first row, which is the semidiameter 
of the azimuth circle of Aries and Libra. We find it to be 22 p 41'. On 
the rule we take with the compasses [a distance] in the amount of that, 
we put one of its ends on point C, and where the other end reaches on 



the southern meridian line we mark point O. About point O and with 
distance OC we draw two arcs on the eastern and western side, arcs 
FZ YL, cutting the horizon line at sphaera recta and also the horizon 
of the climate in two points common to both of them. If it does not 
turn out like that, there is a slip in the procedure. Then through 0 
we pass a line, parallel to line DB 16 , on which are K O X. Line KOX 
takes in this astrolabe the place that it holds in the northern astrolabe 
and point C takes the place of the zenith point in it. We take 


lfl Points D and G are about to be defined on line KOX itself. Since it seems 
unlikely that al-FarghanT would use twice a letter as early in the alphabet as A I 
have assumed that the positions of D and B are understood by analogy with other 
diagrams. In our diagram they are represented by “[17]” and “[5]” 
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what is opposite 10° in the table; we find it to be 19 p . On the rule we 
take with the compasses [a distance] in the amount of that, we put one 
of its ends on point O , and where the other end reaches on lines OK 
OX we mark on the two sides D G. Then on line OK we seek a point 
[such that] when we place one of the ends of the compasses on it, we 
can, opening it, pass with the other end over points C G. When we 
find that point, we fix one of the ends of the compasses on it and draw 
on the plate two arcs, arcs HGM QW. Then we turn the compasses 
in the other direction and do [again] as we have done. Then the other 
azimuth arcs are finished similarly. Instead of the zenith point we use 
the point lying opposite it when the zenith point does not lie inside 
the plate: when it falls in it we do not need its opposite. 

In delineating the rest of the lines of the astrolabe, such as the 
hours, etc., we do as we did in the northern astrolabe. In order that 
we do not prolong our talk, in what we have described there is what 
suffices for those who understand what we have set forth in this book 
of ours; success is from God. 
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Chapter 7 

That all that is imagined of making the as£ro/a6e 
different from what we have described is not possible and not correct 


As for what we have described in this book of ours of the rationale of 
the astrolabe, its correctness and what is needed in making it of all 
that we have set out, we have finished every aspect [bdb] of it with a 
proof and pertinent argumentation. As for what one might think, i.e. 
that it is possible to make the astrolabe instrument in a form other 
than this form that we have described, we shall show that this must 
not be maintained, either because some of these ways are completely 
impossible, or [because] it is not possible to make it according to re¬ 
ality, but [only] by resemblance and approximation [and] with strain, 
difficulty and impossibility in making [it], or [because] it is possible in 
construction but inconsistent with the truth. 

So / say first: it is not possible to construct the astrolabe except 
with respect to one of the poles of the equator, i.e. that it is not possi¬ 
ble, as we have found, to transfer what is in the sphere of the heavens 
to the plane of the astrolabe touching the sphere at a [point] other than 
the two points of the poles, since the universal motion of the sphere 
from east to west is only about the poles of the equator and all the 
degrees of the zodiac and the positions of the fixed stars in the sphere 
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move with the motion of the universe in parallel circles. If we imagine 
that it would be possible to let the plane of the astrolabe touch the 
sphere at [a place] other than one of the two poles of the equator, then 
these parallel circles would be formed in the plane of the astrolabe as 
not parallel, because their centres would then fall at different points 
and the pole of the equator would also fall [when projected] not coinci¬ 
dent with [kharijan ‘an] any of their centres, as we proved concerning 
the formation of the circles of the altitude almucantars. When these 
circles are formed as we have described, then how could we draw the 
courses of the degrees of the zodiac and [the courses of] the positions 
of the stars parallel to each other? Also: if we imagine that it would be 
possible to transform these circles from the form of their shape in the 
astrolabe and to draw them parallel to one another about one centre, 
so that the degree of the zodiac that rotates among them intersects 
with each of these circles, then it would not be possible that the hori¬ 
zon at sphaera recta appears as a straight line, because then it is not 
[one] of the great circles that intersect at the point at which the plane 
of the astrolabe touches the sphere, but forms an arc of a circle, and 
all the almucantar circles undergo alteration in the same way. Then 
the form is different and the construction becomes impossible. 

We make an example for that by letting the plane tangent to 
the sphere touch it at one of the poles of the zodiac; we draw circle 
ABGD about centre E and draw its two diameters intersecting at a 
right angle. We imagine it the zodiac circle 17 touching the sphere at 
point E. 


17 Something like “the pole of which is” seems to be omitted here. 
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We make line AEG the meridian circle drawn through the poles of the 
two circles [falakdn , i.e. the equator and zodiac]; it is a straight line. 
We make point A the beginning of Capricorn, point B the beginning 
of Aries, point G the beginning of Cancer, and point D the beginning 
of Libra, because the zodiac circle is divided in this way like the division 



[Fig. 7.1] 


of the equator circle [drawn] about the pole of the equator. We draw 
another circle tangent to the zodiac circle at point A, on which are 
AH T K\ we imagine it the equator circle 18 . We draw line AEGT. 
On line ET we take [a line] in the quantity of [the projection of] the 
distance of the pole of the equator from the pole of the zodiac in this 
plane. It is line EZ, and so point Z is [the projection of] the pole of the 
equator. The centre of circle ABGD 19 falls not coincident with point 
Z, as we have proved in [our treatment of] the altitude almucantars. 
Let it be at point M. Through points B Z D vie draw an arc on which 
are points L B Z D N. So arc LBZDN is the horizon at sphaera recta. 
We draw lines BZ ZD. 


ls Perhaps the course of Capricorn is meant. 
19 AHTK must be meant. 
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When we let the motion of the zodiac be about point Z, which is the 
pole of the equator, and we rotate the zodiac from east to west, then 
point B of the zodiac reaches the position of point A, while point A 
reaches the position of point D, because the angles BZA A ZD are equal. 
But point A reaches the position of point D before point D reaches 
the position of point G, because angle AZD is much smaller than angle 
DZG. So point B reaches the position of point A before its opposite, 
which is point D, reaches the position of point G. Line AG bisects both 
the zodiac and the equator; and at that [i.e. if this were to happen] the 
operation becomes deviant and impossible. 

Again, if we imagine the motion of the universe not about point 
Z , which is the pole of the equator, since it is not coincident with the 
centre of the equator circle, and we let the motion be about point Af, 
which is the centre and which is further from the centre of the zodiac 
than point Z, [then] that would be still more impossible than the first 
case. In this way it is clear that it is only possible to draw the astrolabe 
in the way we have set out, about one of the poles of the equator. 

Again, people have imagined that the making of the astrolabe 
would be possible in another way, namely, they made the surface of 
the sphere of the heavens as if it were split open [ infataqa ] at one of 
its poles, so that it became a circle spread out about the other pole; 
and the split-open pole of the poles in 
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the astrolabe took the form of a line containing [the circumference of] a 
circle. How is this opinion of those who think about it and use it not to 
be considered absurd? For the poles of the equator are two fixed points, 
not moving. So how can one of them take the form of a circle moving 
round the other pole? This is one of the most abominable [ideas] that 
can be maintained on this topic. Also, the poles cling permanently to 
the horizon at sphaera recta,. So how can the pole cling to the horizon 
at sphaera recta , when it is a movable circle? Muhammad ibn Musa has 
described on this subject what is sufficient to invalidate this method 
of those who maintain it. Further, beyond what we have explained of 
the corruption of the basis on which they built, they drew the zodiac 
circle with lines joining up various points: they took the place of the 
declination of each sign from the equator on the lines that cut off 
[taqsimu] the ascension at sphaera recta ; then they joined up those 
places by lines of various shapefs], i.e. not arcs of circles and not straight 
lines, but the zodiac circle takes a form similar to what the Ancients 
called the oven-like form [al-shakl at-tannuri\. It is known among the 
geometers that it is only possible to draw correctly one of two lines: 
either a straight line or an arc of a circle. So how is it possible to 
say that the use of this kind [of astrolabe] is correct or how, if it were 
correct, could it be easy for us to obtain it and to determine the shape of 
the forms on the astrolabe by the demonstration they brought forward. 


4 














372 


Al-FarghanT, On the Astrolabe 


Jf* j ^j£c*»\ ^ <)] <Jj5l 

j*-jj dlUM jm <j gUa} U j'.***, ,/r" <J-*" O* ^ 

75 iil)3 iljJu J l-* 4 * - *' ^ j* Lilj ^1 *aUS ^ 

jil oN/a-VI <jJ-o ,j jl Ji j 

Jjljj Mj £«aJ ^ L» 'Jt- C*w> *—cJBOj jo-ill J**M J-li £■* 

* ^llZ«l, A.Ua. 5.L>i ji-1 


^j lilliJl if j l» f-*j j' <J^*i •** •**■' j}* 

80 ^ Oj&l jl J ^ ®j£U J^l ^la-# 


^Lall »_JaflJt Jtt ^o-'JI t_JalJl £»y UjJoaJl •*«»•' l _^ s - W jJ'bl £^ x “‘^ 

*■ 

J ^ £>. ^A)l **-" £.>- 5/31 t \y>\ J. L 

Js*l 'j* Lijl jj» ,_j < la5 ... J] 5^)1 

OCjJoi tjN/ft-SI j j£<*L '•** ^ (TJ-tf" *^* o' 


85 


JSCiJl ^lafl ) 


Jifr l^.JaS £j* j » jO* J* IP' J J^-J 

J jl/)t JjL« 5/U ijLw. jj>oI o/b j! L*fy oJ» i® 5 ' 5 Sjb 

73 <il] om. BS 73 J-* J Ji- C, corn ex JIj BD 74 0»] J DTS 75 oUi ] L odd. T 

75 75 bJ] jJ CB t S 76 ^] om. T 76 oJ-ti B 76 ^t] s^“ S 

77 CBDS 77 J i-ilSwj CBTDS 77 ] om. BS 78 -bi« 5 aJ £* ] om. 

S 79 jJ ] om. BS 80 j S 62 ^iy ] £*}** CBD S3 jl# ] odd. c( del. 

B S3 kJJ\ ] obOl BS 83 ] J : *o- » BS S3 ^4 ] oupra T S4 1 C t 

T 84 O^Li.) Ol^bjU CBTDS 85 £*} ] ^ T S5 B, ^Jt S 

66 oUJJ JUj] uUJJl C 66-S7 j>- v I ... ^ 1 marg . T 87 i^lj] tljj D 


Al-Farghaul, Astrolabe, Chapter 7 


373 


/ say: if there were determined on the astrolabe by this method 
the declination of each minute of the zodiac from the equator and the 
quantity of what it rises with of the sphaera recia, and it were drawn 
like that, it would not come out according to reality; besides, nobody 
could attain that in making [it]. But he who pretends to strive after 
making the astrolabe according to truth and correctness, with little 
work and an easy method, burdens himself with making it according 
to what is not correct and does not correspond to the truth, however 
eagerly he tries, while it is impossible to make it. 

Again, if someone imagines that it would be possible to draw 
all that is on the sphere of the heavens on the plane of the astrolabe 
tangent to the sphere on the assumption that the sphere is spread out 
on the plane tangent to it at one of the poles, and so the other pole 
falls upon the “tangent” pole and each of the degrees of the sphere 
becomes [so to say] a perpendicular starting out at its place on the 
sphere to its foot-point on the plane, then the operation in this way is 
also impossible because the zodiac in this way takes on the astrolabe 
the form of two sections approximately similar to the sections of the 
oven-like form. 

As an example of that [we draw] circle ABGD about centre E 
and we draw its diameters intersecting at a right angle. If we imagine 
that circle ABGD is equal to the equator circle in 


* 
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the sphere and set up the sphere on plane ABGD, putting one of 
the two poles at point E, it is clear that the diameter of the sphere 
that joins the poles is perpendicular to the plane of circle ABGD 



G 


[Fig. 7.2] 


at point E and that, when the sphere is divided and the upper half 
of it is placed on the lower half, which is near the plane, and they fall 
together on the plane, then the two poles together fall on point E, and 
the equator-circle falls on circle ABGD , neither of them protruding 
over the other, and the zodiac falls in the plane like the figure DZBH, 
because it is inclined from the equator on the two sides in the same 
quantity, and the circle drawn through the poles of the two circles [af- 
falakayn] in the sphere [af-Aura] falls on line AG in the plane. Bach of 
the lines AZ GH in the plane is the versed sine of the arc of the total 
declination, and each of the two arcs of declination falls on its versed 
sine on line AG. So lines EZ EH are equal; 
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and when point Z is the beginning of Cancer and point H is the begin¬ 
ning of Capricorn, it is necessary that the course of Cancer is equal to 
the course of Capricorn, as they are in the surface of the sphere. This 
is what is also impossible in the plane and it is not possible to work 
with it, except when we restrict ourselves in this matter to placing 
what is on one of the halves of the sphere alone, either the northern or 
the southern, on the plane of the astrolabe. It is possible that it comes 
out correctly, although it is hard to draw and difficult to delineate, 
since it is not a circle and not similar arcs, as we have explained in the 
formation of the zodiac in the chapter before this one. 

It is clear that for making an astrolabe according to truth there 
exists no way by which it could be made different from what we have 
described. In our description we have exhausted the explanation of 
all that can be said about it of the rationale of the astrolabe and the 
mode of making it through what we have laid down in the tables for all 
the regions of the climates. This is what suffices on this matter. But if 
someone wants to make an astrolabe for a place on Earth with latitude 
between 50 and 90 degrees: in what we have described to obtain that 
from the tables specifically made for this there is what will lead him 
to that, if God allows (be He exalted). 


* 
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Variant Passages in S 

1. The beginning of the text: cf. Introduction, lines 1-30 

Lo Jy JLal^*I 0JLP* shl ^plL j V <D JuAl 

j <*U ^jI ^a)! ^5^)1 A*l* 

S^JLp OUqUi H 4 JI ^ JU ^JLJ isIjIj)) <) l^oLo Jlfli 

5 d»*ill Lpiyil 0^ 1*1* >Aju Lai Jl 

» » » . I 

(j coJLp ol ^^l < AL^ jjiJl Iaa ij ^ 3d^* ^*jl tiUill 

I 4jJj ^Jb La ouu^J <ALa*JiI Cjj9 ilL^j 

t- * 

* ^ lyl Km**# ^I^ma 4 d*>J ^aI^JL Cm4*v^ 4aL& ^jLbh>^ll 


2, Chapter 2, lines 73 -137 

L J JliVI _yjji JSIaIj cJaT <j1lAU Lb Ai L A5 ilj 

* ■'' t * 

aIJI LjLwfc4 Jp l {J*y ^*^.3 A*jt*f i^jy^la-^Ml 

ia> dti# SjJl^ ^JpLaJ Jp ilajjj (j 

UjJoaJI aLU 5^)1 j ,3*^11 jJfli i)Jp 

5 3^*jJlj aJLJI 3*1 J j jJa5 ^JLt <1 pjpUpJII o*.Jl*^]1 S^SU 3 3*^ 3 * 

• ^a5j U <jaA tflJi ^JU- 
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1. cf. Introduction, lines 1-30 

In the name of God, the Merciful, the Compassionate. 

Praise to God, the performance of Whose praise the praisers do not 
reach, and thanks for His benefactions above the thanks given by the 
thankers. His blessing upon Muhammad, the noble Prophet, whom He 
lauded in His glorious and wise book - He said, praising him, “You are 
verily of an excellent nature” 1 - and on his chosen family unceasing 
blessing until the Day of Judgement. Hereafter: since the astrolabe is 
the noblest instrument invented in the science of astronomy and its 
method the clearest method for whoever pursues this art, I agreed to 
assemble its knowledge in an explanatory treatise easy to understand. I 
laid down what my endeavours arrived at and that on which the choice 
fell in case of uncertainty, and I called it al-Kamil [“The Perfect One”] 
and made it contain seven chapters [naw c ]. 


2. Chapter 2, lines 73-137 

Since what we have set out earlier is clear, let us show how the horizon 
circles are formed in the plane of the astrolabe. We repeat the diagram. 
We make arc AT equal to the complement of the latitude of the locality. 
So point T is the place of the intersection of the horizon circle with the 
meridian circle. Line TK is the diameter of the horizon in the sphere 
for the assumed locality. Arc KD is the altitude of the pole above the 
horizon. The circle on the plate drawn on diameter ZL is the horizon 
of the locality. The proof for that is similar to what has preceded. 


* 


'From the Qur’an 68, 4. 
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Since what we have set out earlier is clear, let us show how the 
almucantar circles are formed in the plane of the astrolabe* We say: it 
is clear that arc TDK is half of the visible [part] of the meridian circle 
in the assumed horizon. So we make arcs TS KN equal to the assumed 
altitude. We join SN with a line: it is a diameter of the almucantar of 
that altitude in the sphere. We draw lines BSO BNF to meet line ZD 
at points 0 F 1 So line OF is a diameter of this almucantar in the plate 
of the astrolabe. We halve line OF at G\ about C [and] with distance 
CF we draw a circle: it is the assumed almucantar. According to this 
procedure axe drawn all the almucantars for all the horizons. The proof 
of that is the analogue of what came [earlier]. 


3. Chapter 5, lines 88-96 

... that, because we need to inscribe the plate so that ... the stars 
and what joins some of them to each other. We say: first we look at 
the northern stars, that is, what falls inside the zodiac. Those of them, 
i.e. of the northern stars, that are near the small circle which you drew 
about the pole, we attach to this [circle], as we attached al-nasr al- 
wdqV and al-fakka to the small circle. Those of the stars that are near 
the zodiac we attach to the zodiac, as we attached al-nasr al-tdHr^ rijl 
al-jawzd 1 and mankib al-faras to the zodiac. 


4 
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Addition in B at the end of Chapter 4 

1 0*JuoJt ‘ SjUajJI ^y» jlyjl t Ja» 

lili O—Jl ^ ^laili oj»l lj) -u+iu) »iUj Jti* 

£*3 (jW*- £j>- Oa-JI jl£j jlyJl i .a.a ) JJ y> ^ o—Jl C*aU 
jo- v'sljko^ll jJ * Jt Ju UJ oaLiJI tjj> 

u]_5 ‘ •!» _jA Ji_j Ja>- ^y^SCJt JlJu 

J~* J**l5 * J] v oii l~* ui—<*■ ^ £-i» JljjJI juj *iL.Lf 

(j Ja» Jjfc Laj| OJ iai dULni 

' , * , ^ , fl ' 1 -^ > ’ jA Ijjl 3 -lai i±U die ^jJl (JillI lJUb J^li 
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Addition in B 

Obtaining the meridian line from the shadow of the alidade. We take 
the azimuth from the plate. Example to understand it: when you have 
taken the altitude, see how much of the azimuth emerges for it. When 
you know how much the azimuth is before midday and the azimuth 
emerges as [say] 50, place the pointer of the alidade at 50, between B 
and G; then move the astrolabe until the throne [af-fcurstj/] becomes 
visible. Then line BD is [in the place of] the meridian line. If your 
sighting is after noon, place the pointer at 50, between B and A, and 
do as you did in the first case. Then line DB is again the meridian line. 
The same applies to all latitudes. Proceed according to this example, 
which I have given you: line DB is always the meridian line. 


« 
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Extra table in T (/, ^5r) 
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Southern almucantars of lat. 30 

degrees 

distances 

halves 

hor. 

5 

16 

39 

18 

6 

6 

23 

49 

25 

12 

7 

33 

65 

49 

18 

8 

44 

97 

51 

24 

10 
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192 

32 

30 

11 

20 

0 

0 

36 

12 

46 
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8 
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14 

16 

86 

21 

48 

15 
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54 

5 

54 

17 

41 

37 

23 

60 

19 

39 

26 

51 

66 

21 

49 

18 

50 

72 

24 

16 

13 

28 

78 

27 

3 

8 

33 

84 

30 

15 

4 

10 

zen. 

34 

2 

0 
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Notes 

1. Against the entry for altitude 30° is (straight line), against lower 

altitudes JUjJt (north), and against higher altitudes (south). 

2. With one exception the entries are exact, as calculated from Table 1, rounding, 
where necessary, being rounding up. In the entry for the semidiameter for 66° we 
find 18;50, but 19; 19 (after rounding down) would be correct. The calculation is 
j[/(144) - /(96)], where / is the function tabulated in Thble 1. No reasonable 
misreading of table entries for /(144) explains the error. The same goes for /(96), 
anyway an unlikely source of error, since the correct value, 21;49, appears as the 
“distance” of the 66° almucantar. A possible explanation of the error is the dropping 
of 1 in the subtraction of /(96) from /(144). 
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Titles 

Manuscripts CBMLP begin with qdla Ahmad ibn Muhammad ... di¬ 
rectly after the basmala and religious formulae. For the beginning of 
S, see Appendix 1. For T and D we do not have a beginning. K has, 
before gala: 

j I—jlft _jiJl jjj J-P'l 

• Ifrflltj JlfcJJl 


Colophons 

< V^JLc- ^ -U*’! tjtT ^ C 

lPW J* U 1 - Oi •*** J^-5 j* **J **"-> Ji **4 J* 

0 

,j\iul k-ij JLaAIj YYA Aj 4flip ’ UaXo 

ju* <ilo- js> ^ ^ *(^) o-S:^ < *“ 5 '“ L#> ‘ 

• |WUJ till (Jj *1) ^»A|j J Jlj 

* Luh jAj 

* <uIoju X 

»dJi S 

<j l»7 Oi*oM j ** C”-^ O'* *^*0^ 

' IrN^ o* 
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Title in K 

The book of Ahmad ibn Muhammad ibn Kathlr al-Farghanl known 
as al-Kdmil [The Perfect One] on making the northern and southern 
astrolabe[s] and their rationales, geometrically and arithmetically. 


Colophons 


C Finished is the book of Ahmad ibn Muhammad ibn Kathlr on mak¬ 
ing the astrolabe and the proof of it, by the hand of the one needing 
the compassion of his Lord - mighty and exalted is He -, Muhammad 
ibn Ya'qub ibn ‘All, of the Malikite school, from what he wrote for 
himself, in the months of the year 778 Hijra [1376-77 AD]. Praise to 
God, Lord of the worlds, adequate to His benefactions and correspond¬ 
ing to [...]. Blessings of God and peace on the most excellent of His 
creatures, Muhammad, and his family and his companions. Praise to 
God, Lord of the worlds. God is sufficient for us and He is the best 
advocate. 

B Finished is the book. It is seven chapters altogether. 

T Finished is the book. Praise to God for His grace. 

S And with the end of that is finished the book al-Kdmil with the 
praise of God and His help. It was finished on Wednesday, the fourth 
of the month of Rabr al-Awwal, one of the months of the year 653 of 
the Hijra [13 April 1255 AD]. 


t 
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UJ^ ^ <jTj ^a**- <1)1 ^JLpj (jtiUI ^jj <1) jl^Mj 

a* l^ <J^ ^ ij] -4*^ U-J, <i_/ 
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D Finished is the book of Ahmad ibn Muhammad ibn KathTr on 
making the astrolabe and the proof of it. Praise to God, Lord of the 
worlds. God bless our lord Muhammad, the Prophet, and his family 
and give [them] peace. Finished has the writing and transcribing the 
one in need of God (be He exalted), ‘All ibn Hamid ibn AbT Bakr al- 
BuwTtl, in the year 783 of the Hijra [1381-82 AD]. May God forgive 
him and his parents and all the Muslims. Amen. 

M Success comes from God; to God be praise and thanks. God bless 
our lord Muhammad, his family and his companions, all of them. 

L Finished is the book, with praise to God and His good success. His 
blessings be upon all His noble prophets. Praise to God alone for His 
grace. 

K Finished is the book with the help of God, the Giver. 

P The book is completely finished [in the] year 1107 [Hijra = 1695-96 
AD]. 
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Excerpt from Ibn al-Salah, Kitab ft kayfiyat tastih al-bastt at-kuri , MS 
Istanbul, Topkapi Sarayi, Ahmet III 3342, 55v-56v. MS Siileymaniye 
Kiitiiphanesi, Carullah 2060, 143v ff., has been consulted for doubtful 
readings. 


jjLij j IjJb j Ojlaii 

<J| jLil Lo jii lf 

IpAMj . . . J**Jl JVP J* J jl 

JuLe <jli jU -jsaslq 

5 ioAill ^yA^ ^laJl ( Ji> lj] tyJ] M 

O'J <aX> f lyO ijlilt ioJjlU 

O^i jl ols 0^ ^ *^b -Kr 1 y*j ir 5 ^ i J 

^■AaJ ^Aj U 0 yw Jojl iij <C ... > IJUb s/ J 

Ajjjli Ujj j JL* 4 jJLpU ^JLt cJj ^AJ ^IoaaJ 

10 Lfy (jyJLoll J*ai\ ^Js- J-joJij jIa^JI {J ***** Ixb 

JjMl iHill Jho jCiJl j Lq £-qJ ^ JjMI J *iU3 

^ J^-All Iaa jjiuo j UojI dl)A5j ^^JjpbS ujtS^ iyt 

Jl Sjxli) bjlyo ^loiJl lyj OJ&1 ^_5>Jt ^jAj OUjJu jJu 

JjSI illill ^ J£aJI _yb !xaj Sj^JI J 0^ Ju0 ^ 

* * 

15 v b" v aju || Ail (illj ijA jfla.t tuU»j^J.I j ^_^JjLl vjtf* ^ 

tla.T.»' |) lJub i_Uj |t La^o, oUojj^Jlf j 

U' ^Js. Jj \jj> j ,jJl 
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I investigated the books written on the subject that are available in 
my time, such as ... and the book of al-Farghanl entitled “Theoret¬ 
ical Principles [ c t7a/] and Construction [‘amai] of the Astrolabe” ... 
I found them [to be] different from what [my patron] was asking for, 
because in some of them the theory [al-'tfm] is introduced without ex¬ 
planation of the way of construction ... and in some the theory is too 
short and the construction is toilsome, as in the book of al-Farghanl. 
For he delivers lemmas of which some, on exact study, are unneces¬ 
sary - like the first lemma -; and others, like the second, where he 
makes the matter particular although it is quite generally applicable, 
since he makes in it the placing of a cone in a sphere a condition 
- but that is a superfluous condition, which is not needed, because 
the cone, even if it is not in a sphere made according to this rule, 
< ... > ] and he omits a condition that is needed, i.e. the intersec¬ 
tion of a cone with a plane that goes through its apex and stands 
perpendicular to its base. He uses this very condition with the proof 
in the section of a cone on the shorter of [its] two sides. Since he 
does not make that a condition in the first [case], it is not correct by 
Proposition 5 of Book I of the book on con[ic sectionjs by Apollonius. 
Similarly, in a part of this proposition he also traces one of his lem¬ 
mas, namely the one in which the intersection is parallel to the base of 
the cone, back to the book of Muhammad ibn Musa al-Munajjim on 
the sphere. But that is the fourth proposition of Book I on con[ic sec¬ 
tionjs by Apollonius. From this it becomes clear that he had not read 
Apollonius’ book on con[ic sections. In so far as he has not read this 
book, he is not fully able to understand the sections which he aims at 
and which are made known in this book, but only partially, as is clear 


l Here there is an anacoluthon. 


* 
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from his words* Similarly, in several topics he gives no proof for them 
in his book, although they are obscure and [although] he applies them. 
To them belongs that for the southern astrolabe he does not explain 
why the almucantar of [altitude equal to] the latitude of the place is 
a straight line parallel to the horizon of the equator [ufq al-istiwa ’], 
and why the almucantars whose altitude is less than the latitude of 
the place surround the horizon circle and [why] the almucantars which 
are greater [in altitude] than the latitude of the place do not surround 
these almucantars nor do these almucantars surround them. Moreover, 
he says in Chapter 6 of his book, “You must know that the almucan¬ 
tar of the latitude of the place appears as a straight line”. Then he 
describes how one draws it and the other almucantars and establishes 
their directions without proof. In his other [instructions for] making 
[the instrument] he mentions a rule divided into parts and their parts, 
so that it conforms in them to the values given in the tables. That is a 
laborious method and in it comes a deviation that does not come about 
with our dividing of the circumference of the circle and our obtaining of 
the lines from it. Further, in Chapter 7 of his book he considered false 
the opinions of those who teach projection in a way different from that 
which he had mentioned. I have mentioned the falseness of his opinion 
on most of that in my treatment of the melon-shaped astrolabe. 






Mathematical Summary 


This summary is intended to reproduce as ciosely as possible the mathe¬ 
matical content of the text. Sometimes square brackets, [ ... ], are 
used to include material only implicit in the text. Some lengthy enun¬ 
ciations are here represented by short statements including diagram 
letters. Some of the diagrams are modernized and occasionally extra 
diagrams are supplied. In all cases their origin is indicated on the right 
in square brackets; the same numeration is used as in the translation, 
preceded by “cf." if the diagram has been modified. Some diagrams 
contain information given in the text as construction - in which case 
the information is usually not explicitly given again. Occasionally, a 
short summary of a theorem is given after the theorem itself. For the 
most part, descriptive passages are radically abbreviated. 


Chapter 1: Mathematical preliminaries 


[Proposition 1 - lemmaj 

Draw SABGD and diameter AG 

Through A draw EZ tgt to the circle 

Draw BH anywhere in the circle 

Draw GB HG and produce them to K T on line EZ 



Isay: A GKT ~ A GHB, [i.e.] TKG = GHB and KTG = HBG 

Proof: draw BL L AG\ draw AB 

ABG is rt., it is subtended by the diam. of a circle 


t 
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Y BL _L AG, A ABL ~ A LBG ~ A ABG 
LBG = BAG 


G 



But LBG = AKG Y A/f || LB 
AKG = BAG 

And SAG = BHG, Y they are on same arc 
/. AKG = BHG 

BGH is common [to As TKG BHG]: 
there remains HBG = KTG QED 


lProposition 2] The intersection of the plane tangent at Z and the cone 
of apex A and base O BGD, on the sphere, is a circle. 
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Cone ABGD, of base O BGD (diam. BD) and apex A is contained 
by sphere ABZHE 
Draw AZ, diam. of sphere 
TQY is tgt plane through Z 

The surface of the cone of apex A and base BGD is produced to 
plane TQY. The c.s. is KLTN 


A 



I say: KLTN is a circle 

Proof: plane OABZH bisects both sphere and cone; produce it 
to plane TQY 

OABZH is c.s. of the sphere and the plane [AZT] 1 . Its diam. and 
diam. of sph. is AZ 

A ABD is the c.s. of the cone and plane [AZT] 

Line TY is c.s. of plane TQY and plane [AZT] 

TK is the c.s. of KLTN and plane [AZT] 

’This plane is here and elsewhere characterized as “the plane that cuts 
with various objects of “cuts”. 


i 
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AB is the shortest line from A to base BGD and AD is the 
longest 

Bisect TK at M 

Take [L] anywhere on KLTN : we shall show that ML = KM 

Draw ML, KL, LT 

Produce the cone and plane [AZT] 

Let plane SLO [1] cut plane KLTN, [2] cut the cone at L and [3] 
|| [plane] O BGD 

.'. figure SLO is a circle, as Muhammad ibn Musa proved 2 
Let SO be the c.s. of OSLO and plane AZT 
Let SO intersect KT at F 

But plane AZT cuts the planes of circles BGD SLO , which are 
parallel and in one cone; DB and SO are the c.s.s 
DB is a diam. of QBGD: SO is a diam. of O SLO 3 [i] 

Planes KLTN and SLO intersect at L\ they X plane AZT on TK 
SO 

.'. their c.s. X plane AZT (Euclid [XI 19]): it is LF [ii] 

AZT is rt., Y AZ X tgt plane TQY 
Now ZTA = ADB by Prop. [1] 

And ADB = ASO [Y BD || SO] 

ASO ~ ZTA 
And KFS = TFO 

.'. there remains [in As TOF SKF] TOF = SKF 
.'. A SFI< ~ AFTO 
KF • FT = SF-FO 

But SF • FO = LF 2 , Y LF X SO [by ii] and SO is a diam. of 
O SLO [by i] 

.-. KF • FT =LF 2 
.’. I<LT is rt. 4 

3 In TusT’s Tahrir of the Kttab ma'rifat misahat al-asbkal al-basita wa-l-kuriya 
by the Banu Musa (for whom see Sezgin, GAS VI 246-252), this appears as Prop. 
X (TusT [1940], pp. 13-14). The original Arabic text appears to be lost, but in the 
Latin translation of it by Gerard of Cremona, which goes under the titles of Verba 
filiorvm and Liber trium fratrum, it is also Prop. 10; see Clagett [1964], pp. 298- 
301. Despite Clagett’s diagram (p. 299 left), the theorem is valid for any cone, not 
just a right circular cone. It is based on Euclid XI 16. 

3 This is proved in the same theorem (see previous note) by the Banu Musa. 

4 This follows either because the previous line implies that L is on a circle of 
diam. KT, in which case this and the remaining lines are superfluous, or because 
the previous line implies that KF : LF = LF : FT, so that A KFL ~ A LFT, and 
hence, from the consequent equality of angles, KLF + FLT = FTL + LKF and so 
must = rt. 
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Diam. KT is bisected at M\ and from M is drawn ML: 
ML = each of KM, MT 
any line from M to KLTN = each of KM, MT 
.*. KLTN is a circle of diam. KT and centre M 


[Summary of argument: 

Take any point L on KLT, the image of © BGD in the tgt plane. 
Draw a plane through it and parallel to plane QBGD 
This cuts the cone in a circle, OSLO, of diam. SO 
LF, the c.s. of plane SLO and the tgt plane, X plane AZT 
ASO = ADB = ZTA [Y SO || BD and by Prop. 1] 

.\ ASFK~ATFO 

.‘. KF • FT = SF ■ FO, and this = LF 2 (Y LF X diam. SO of ©SCO) 
.*. L is on circle of diam. KT - and the same for all points L] 


/Proposition 3J The line from the apex of the cone through the centre 
of the base does not pass through the centre of [the image of the base] 
on the tangent plane. 

We repeat the diagram 
Bisect diam. of base of cone [now BG ] at D 
Draw AD and produce it to cut TK at E 
Let EA cut 0[ABGZ] at M 


A 
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Line GB is bisected at D; AD has been drawn ending at line 
[KT\ and [as will be proved] not passing through the centre of 
0[THK] 

GM < MB 5 
GAM^< MAB* 

From MAB let BAL be cut off = GAM 
I say: L, on line TK, is the centre of QKHT 

Proof: TAL = GAD and LTA = DGA [by construction, by 
Prop. 1] 

there remains GDA = ALT [from As ALT ADG] 

:. AALT ~ A ADG 
GA: AT = GD : TL 

But, from above, GA: AT = BG: TK ['.’ A ABG ~ A AKT 
and Prop. 1] 

GD : TL = BG: TK 
.'., altemando, DG: GB = LT : TK 
But GD = \BG 
TL=\TK 

And TK is diam. of <DTHK: [.'. L is the centre of O THK 
line AD, from the apex of the cone through the centre of its 
base in the sphere, cuts diam. TK at E, not its centre 6 


Chapter 2: The circles and lines of the astrolabe 


All circles on the sphere become circles or (for meridians) straight 
lines on the astrolabe. In the northern projection, all that occurs - e.g. 
complete circles - between the north pole and a parallel-circle similarly 
occurs in the plane [between the centre and the image of the circle]; 
all that occurs between the circle and the south pole does not appear 
on the plane. Vice versa for the southern. Circles that intersect the 
parallel- circle on the sphere intersect its image on the plate. 

In the plane tangent at D imagine a circle drawn about D and diameter 
ZH [as the largest circle on the astrolabe plate]. 

5 No doubt because the line through the centre of ©ABGZ (C, say) and through 
D would bisect BG (say at M')\ and M' will be above M, because A is above C. 

6 L cannot coincide with E, for then GAM “ MAB (see previous note). 
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south pole 
B 



[1] Great circles that intersect at the poles become straight lines. 

Keep B fixed and rotate the chord initially BD in circle ABGD : it 
goes through line ZH. Or: plane ABGD, when produced, intersects the 
plane of the astrolabe and forms a straight line as common section. 
Similarly with other great circles through the poles. They all intersect 
at D. 


Draw BZ BH, cutting the meridian at T Y. 

Clearly, AT = GY 

.'. circle centre K and radius KT || equator 
Let the surface of the cone of base this circle and apex B be 
produced to the plane tangent at the north pole: the common 
section is a circle centre D. 

Since the two circles are parallel, fix point B and rotate BT round the 
circle on line TY: it goes through the maximum circle on the plate. 
The degrees whose courses cut the meridian circle [i] between D and T 
fall on the plane of the circle of diameter ZH and [ii] between T and B 
do not fall on the surface of the plate. We cannot draw the south pole 
on the astrolabe, because the planes tangent at D and B are parallel. 
The poles are fixed, but all that falls on the surface of the astrolabe is 
mobile. Therefore it is impossible that both poles fall on the astrolabe. 
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[2] The zodiac 


B 



I say: ZL is the diameter of the zodiac and its centre is M. Proof: 
rotate line BZ so that it goes round the zodiac circle in the sphere. 
The centre of the zodiac falls outside the centre of the plate, since the 
zodiac on the sphere is not parallel to its representative on the plate. 


[3] Meridian circles 

Meridian circles become straight lines through the pole. When they 
pass through degrees of the zodiac on the sphere, they divide the equa¬ 
tor at the divisions of the corresponding right ascensions; in the plate 
lines through the centre do likewise. 

[4] Horizon and almucantars: their centres on the plate are at different 
points on the meridian line, all different from the zenith. 

Produce the cone, of base the horizon and of apex G, to the plane 
of the plate. 

Their c.s. is a circle of diam. ZL 
From B take BS = 30° 

SO || BD: SO is diam. of O of alt. 30° from hor. 

Draw GS GO and produce them to ZH, cutting it at N M: 

NM is diam. of the almucantar 
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Bisect OS at F: F is the zenith 

Draw GF and produce it to ZH, cutting it at T. T is the zenith 
and is 90° from L Z 7 * 
TGN = TGM, 7 OF = FS 
GA 1 MT 

MT < TN, 7 AMGT-.ATGN — MT: TN and MGT = 
TGN and GN > GM & 

For if GQ = GM on line GN, and TQ is drawn, lines TG GQ 

= lines TG GM 
.'. AMGT = ATGQ 

And A TGN > ATGQ: .'. [A TGN] > A TGM 
TN > TM 

Bisect MN at Y. Y is centre of almuc. of 30° 


G 



Again, LGM = ZGN, 7 DO = BS 
.'., as before, LM < ZN 9 
YN = YM 
YL < YZ 

Bisect ZL &t K: K is centre of the hor.-0 in the plate 


7 This must refer to the arcs on the sphere that these distances represent. 

a This is just stated, but may be proved: GD > j©> GB\ .'. (ft) > GS\ 
G§0 > GOS\ GMN > GNM (by Prop. 11); 7 GN > GM (Eu. I 19). 

°Y L&M = ZGN, GM < GN and GML < GNZ, AG ML may be copied within 
AGNZ-, A A GML < AGNZ ;.'. LM < ZN. 


i 
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Now the zenith is at T ; the centre of the almuc. of 30° is at V; and 
the centre of the hor. is at K. Of the almucantars, whichever 
is further from the zenith has its centre further from T in the 
plate 10 

For lat. 90°, GB = 90°, J 3D X AG, and A is the zenith in both sphere 
and plate. The almucantars are concentric, with centre A. 

For lat. 0°, the horizon is a straight line in the plate. 


[5] The azimuths 

As before, © ABGD, centre E, diam. AEG ; ZH is tangent to the circle 
at A. 



GB = 4>\ draw BED., the horizon 
Bisect DAB at T: T is the zenith 
Draw diam. TEY 

the azimuth circles in the sphere intersect at T Y 


10 This has indeed been proved, since in the above argument no use is made of 
BD ’s being a diameter. 
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Draw GT GY and produce them to ZH, cutting it at Z H. These 
are the zenith and opp. point in the plate 

Bisect ZH at K: K is the centre of the az.-© of the rising and 
setting point of Aries and Libra 

On the plate this az.-© intersects the hor. circle and the hor. 
circle of the sph. r., all at two points, because the three circles 
intersect on the sphere at the rising and setting points of the 
equinox. 

Draw LKM X ZH. 

I say: the centres of all the azimuth circles fall on KLM 

Proof: The azimuth circles all go through Z H 

.'. ZH is a chord of all of them. 

It is bisected at K\ LKM is prod, in both directions and X ZH 
LKM goes through the centre of all the az.-©s on the plate 


[6] Great circles through the points of intersection of horizon and 
meridian 



GB = (f> 

Draw diam. BED 

Draw GB GD and produce them to line ZH, cutting it at Z T 


% 
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BD is common to hor. circle and other great circles intersecting 
at B D 

Bisect ZT at K 

LKM _L ZH 

I say: the centres of the great circles through B D fall on line 
KLM 

Proof: on the sphere these circles go through B D, which become 
Z T on the plate 

ZT is diam. of the hor. circle and a chord of all the remaining 
circles 

It is bisected at K; and line LKM _L ZH 

.*. line LKM passes through all the centres of the circles 


[7] Circles through the poles of the zodiac 



GB = e 

Bisect KH at L 
MLS ± KH 

.'. KH is diam. of the circle perpendicular to the meridian and 
is a chord of all other circles through the poles of the zodiac 
[etc., as before] 
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[8} Other circles on the sphere and the plane [hour lines] 11 

The points dividing the arcs of the equator-parallels above the Earth in 
the same ratio do not all fall in the same plane through the poles. For 
this happens only in places on the terrestrial equator. In the sphaera 
recta the horizon goes through the poles - e.g. NXY in the diagram. 
Other circles through the poles, e.g. NHK, will cut off arcs GH HX and 
EK KY , etc., which are proportional. So arcs GH HD EK KZ, which 
are cut off by NHK in the sphaera obliqua, cannot be proportional. 

When QGHS is north of O EKB, GH : HD < EK : KZ 12 



One can divide three parallel-circles in the same ratio and find the circle 
through them, but not through the poles. The Ancients applied this to 
the division of the hours: they divided the arcs of Cancer, Capricorn 
and the equator according to the same ratio [i.e. evenly into twelve 
parts each] and connected the divisions with a circular arc that cut 
all the parallel-circles. This procedure makes for little error except in 
climates far from the terrestrial equator and for parallel-circles far from 
the celestial equator, though between Capricorn and Cancer [which 
here concern us] the error is not great. 

11 In this section there is more freedom of interpretation than usual. The figure 
and letters are not in the text, but have been supplied. The divisions considered 
are for seasonal, or unequal hours, where day-time or night-time is divided into 
twelve equal seasonal hours. 

12 7 GH : HD < GH : HX = EK : KY < EK : KZ. AI-FarghanT specifies that 
the more northerly circle (here OGHD ) is north of the equator. 


* 
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Chapter 3: To find the diameters and centres of the circles of the 

astrolabe 


[1] The parallel circles 

From these circles we can find the diameters [and centres] of all the 
circles on the astrolabe. 

We repeat the diagram [i.e. Fig. 3.1 - Fig. 2.1] 

south pole 



AT = £ = 23;33° 

.'. DAT = 113;33° 

TV || ZH, the meridian line in the plane 
.*. TK : KB = ZD: DB 

But TK = Sin TB, KB = Vers TB, DB = diam. of sphere 
Sin TB (= 55;0,10 when diam. DB = 120) • DB = 6600;20 
This 4- KB (= 36;1,37) = 183;12,20 = DZ, semid. course of Cap. 
We make ZH, diam. of course of Cap., = 60 parts, for ease of 
division 

On scale in which DZ - 30, DB = [120 x 30/183; 12,20 =] 19;39 
We apply these parts in line DB, instead of 120. 

This brings no error, since DB oc ZH and DB and ZH are the 
same kind of quantity 13 

I3 Perhaps this means that, in calculating DZ from TB (for any TB), merely 
substituting 19;39, instead of 120, for DB will produce DZ in the new scale (in 
which the diameter of the circle of Capricorn = 60), for Sin TB and Vers TB can 
be left in the old scale (BD = 120 p ). 
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Similarly we find the semidiameters of the courses of every degree from 
north pole to south pole. We draw up a table of them. 


[2] The zodiac 

We repeat the diagram [i.e. Fig. 3.2 = Fig. 2.2] 



DK = dist. of north pole to beg. Cancer = 66;27° 

From Table [1], DL , semid. of course of K = 12;52, where diam. 
of course of Cap. = 60 and ZD = 30 
ZL, diam. of zodiac, = 42;52 
.'. LM, semid. of zodiac, = 21;26 

DM m LM - DL = 8;34, dist. of centre of zodiac from centre 
of plate 


[3] The division of the zodiac 

This is achieved with lines through the centre of the plate through 
the corresponding right ascensions on the equator. We draw up the 
ascensions in a table. 
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[4] The fixed stars 

For each star we need its 6 and /z. If it is possible to draw great circles 
through the poles of the zodiac [Chapter 2, section 7], the As may be 
found, but the /3s can be obtained only by the wearisome division of 
these circles. 

(Two special cases] If the star is on the zodiac, 6 = <5(A) 14 and /z = A. 
If the star is on the circle through both sets of poles, S may be found 
from f3 and J(A): 

if they are of the same sign [“on the same side”], 6 = (3 4- <S(A) 
if they are of different signs, 5 = \ (3 — d(A) |. 

In other cases, 6 and fi are various. If the star is between the beginning 
of Capricorn and the beginning of Cancer, and is of the north/south 
latitude, it arrives at the meridian before/after its degree [on the zo¬ 
diac]; vice versa for a star between the beginning of Cancer and the 
beginning of Capricorn. 

To illustrate this and to determine S and /z generally, we proceed as 
Ptolemy did [in Almagest VIII 5]. 

[case 1] the star is on the zodiac: at T. 

Draw ZKT 
TK = S 

[case 2] the star is on the circle through both sets of poles: at L. 

AL = (3\ AD = <5([beg. of] Cap.) 

A1 - A D ~ LD = S 

Similarly, when the latitude is southern, we take fi + 5(beg. Cap.). 

[case 3] the star is not on the zodiac and not on the circle through both 
sets of poles: at M. 


14 iS(A) here means the declination of the point of the zodiac with the same longi¬ 
tude as the star. 
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F is the position of the star in the zodiac [AF = A] 15 ; C its 
“position” in the equator; AMs co-culminating point of the 
zodiac [AAf = /z]; MF — fi ; MS = 5 
[MS] < MC Y MSC is rt. and MCS < rt. (as Ptolemy proved) 16 
Sin HB : Sin BZ = (Sin HC : Sin CM) • (Sin MS: Sin ZS) 

[A ZHM/BSC) 17 [1] 

ZB = ZS = HF = i©; HB = 113;33° 

FC is known from considerations of declination, Y FG (of zo- 
diac) rises with BC (of equator) 18 : 

15 The usual zero for longitude is the first point of Aries, but al-Farghanl uses the 
first point of Capricorn in this passage. 

16 For the theorem that the greater side of a triangle lies opposite the greater 
angle, see Menelaus, Sphaerica , 1 7 in the edition studied by Bjornbo. See Menelaus 
[1902], p. 28. 

L7 For this notation, see Lorch [2001], p. 39 and passim. 

l8 That is, they would rise together if H were the pole of the equator, BC were 
on the zodiac and FG were the co-rising arc of the equator (this way round, since 
HFE is right and HCE is not). The mention of co-rising is a mathematical device. 
BC = 180° - a“ l (AF), where a represents al-Farghanl’s ascension, measured from 
the meridian through both sets of poles. 


4 
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when we convert FG from right ascensions into degrees of 
equality, we get BC ia 

From \BC ] we know FC [FC = 5(90°- BC)\ 

MF = (3 

/. HC and CM are known 
MS is known [by 1] 

Example of al-'ayyiiq (a Aurigae] 

longitude is Gem 5;20° (observation in 225 Yazdijird [856-57AD]) 
AF = 155;20° 

a-'(155;20°) = DC = 157;13° 

157;13° - DE (= 90°) = EC = 67;13° 20 
5(67;13) = CF = 21;37° 21 

FH + 21;37°= CH = 111;37° 

FM (= f3 — 22;50° by observation) -f- CF = CM = 44;27° 

[From [1] Sin x J in MC . Sin = Sin . Sin 

^ Sin CH 

Sin BH (= 55;0,10 for diam. = 120 p ) x Sin MC (= 42;1,1) 22 = 
2311;2,55 

19 Ptolemy says airily that FC (in al-Farghanfs lettering) is “given from the obli¬ 
quity of the ecliptic” (Toomer’s translation [1984], p. 411; "tx ht lift dxo8e&eiY^ v T)<; 
tou 8ia p£ouv ”, Ptolemy [1898-1903], vol. 2, p. 195), but in the following 

derivation of mediatio he says that CB is given from F fr “by means of [the arcs of] 
the equator which rise together with [those of] the ecliptic at sphaem recta ” (fttot 

tgjv 6i’ 6p0rj<; Tfjc o 9 a(pct$ ouvavaxoXfiv tou te laqpepivou xal toG Ctd&iaxou ) 
(Ibid., pp. 412 and 196, resp,). 

20 From al-Farghanfs Table 2 (which is Ptolemy 'b table in the Almagest , i.e. for 
e = 23;51,20°, though Ptolemy gives values only for multiples of 10°- see Ptolemy 
[1898-1903], pp. 134-135, and Toomer [1984], p. 100, for the table of right ascen¬ 
sions) it may be found by interpolation that if EF = 65;20° then EC — 67; 13°. It 
may be asked what table al-FarghanT was using, as he deduces EC from DC . See 
Introduction, section 4. 

21 Interpolation in Ptolemy's table (for which e = 23;51,20) yields <J(67;13°) := 
21;53,35°. For the table see Ptolemy [1898-1903], vol. 1, pp. 80-81, and Toomer 
[1984], p. 72. If Ptolemy’s values (which are given to seconds) are rounded to 
minutes, interpolation yields 21;53°. Direct calculation with modern sine values 
and with e = 23;51,20 gives 21;53,35°. But taking e = 23;33° we find (using modern 
sines) that £(67°) = 21;34,45° and £(68°) = 21;44,37, and so tf(67;13°) = 21;36,53°. 
If the values of S are rounded to minutes, the result is 21;37°. For e = 23;35° these 
two values become 21;38,43° and 21;38°, resp. Clearly, the most likely value for e 
underlying the declination table used by al-Farghanl is 23;33°. 

22 Recalculation gives 42; 1,1.9. 
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[2311;2,55] -r Sin CH (= 55;46,49) = 41;25,53 
[41;25,53]: Sin ZB = Sin MS : Sin SZ 
But Sin ZB = Sin SZ 7 ZB — ZS — 

Sin MS = 41;25,53 
/. SM = 43;40 

To obtain the mediatio 

Sin ZH : Sin HB = (Sin ZM : Sin MS) • (Sin SC : Sin CB) 

[A ZBS/HMC) 

But ZH HB ZM MS CB are known: there remains SC 

Sin ZH (= f) x Sin MS (= 6 ) x gin j g in HB = Sin g s 
Sin MZ [=5] ' 

= 9;39,59 23 

CS = 9;16,16° 

DS = DC - CS = 147;56,44° 
a -1 [147;56,44°] = AN = 150;12° 

N, the mediatio of the star, is at 0;12° of Gemini 


In general, to find the distance of any star from the equator: 

Sin (90 - e) = “first sine” 

Take A from beg. Cap. to degree of star 
a -1 [A] = [a], the “argument” 24 
5(a - 90°) = declination of the argument 
Sin {/? + <5(a)), if (3 and 5(a) are of same sign, or 
Sin ((3 ~ 5(a)), if they are of opp. sign, = “second sine” 

Sin (90° - a) = “third sine” 

1st sine x 2nd sine _ gj n g 
3rd sine 

If (3 and 5(a) are on same side [i.e. of same sign], the distance is 
on that side; if they are on different sides, the distance is on 
the side of the greater of the two. 

23 Recalculation gives 9;40,1.3. But if we assume that Sin BC is rounded from 
23;14,5 to 23;14, we find Sin CS = 9;39,59, as in the text. There may be other 
explanations of this figure. 

24 Again, al-FarghanT is using ascension tables that measure longitude from the 
first point of Capricorn and right ascension from the co-ascending point of the 
equator. 
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To find the mediatio of any star: 


Sin (90° - e) = “first sine” 
Sin e = “second sine” 


Sin 6 = “third sine” 

Sin (90°- <5) = “fourth sine” 
Sin (o) = “fifth sine” 


2nd sine x 3rd sine .. en. ..... 

-4th sine- x sme / sme = Sin x 

If the star is between beg. Cancer and beg. Cap., if 8 is northern, 


take a + x, and if 8 is southern, take a - x. If the star is between 
beg. Cap. and beg. Cancer, if 8 is northern, take a - x, and if 
southern, a + x 


a *(a ± x) = mediatio of the star [measured from beg. Cap.] 


90° - 5 = the star’s distance from north pole; from this may be found 
its distance from the pole in the plate, by the table of courses. 


E.g. al-'ayyuq is 43;40° north of the equator and 46;20° from the north 
pole; the table of semidiameters gives 8;24. 


[5] The almucantars 


G 



AD= 30°; AB = 150° 

From Table [1], AL = 5;16 and AZ = 73;20 
.'. ZL = 78;36 

.'. KL, semid. of horizon, = 39;18 
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And AK = KL -AL =34;2, dist. betw. centres of hor. and plate 
Take SB = 60° 

SO || BD\ SO is diam. of almucantar 60° from horizon 
Draw GO GS and produce them to cut ZH at M N 
AO rn 30°, AS = 90° 

AN AM are semid.s of the courses of points S 0 

From Table [1], AN = 19;39 

.‘. MN = AN - AM (= 5;16) 25 = 14;23 approx. 

.*. MY, semid. of almuc. 60°, = 7;11,30 
\MY\ + AM = AY = 12;28 [by rounding up], dist. betw. centres 
of almuc. and plate 

Similarly for the other almucantars. 


[6] The azimuth circles 

[i The azimuth through the east point] 



Draw BED, semi-O of the eastern hor. 26 &ndGEA, semi-0 of the 
hor. at sphaera recta 

We first draw the azimuth circle X r to the mer., through the east 
point, ZEH 

E is common to Os [BED, GEA, ZEH]’, BE = EG = EH = |0 

J5 Y AM = AD. In general, AM, like AN, would have to be looked up in Table 1. 
20 E is now the east point. 
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Through A draw the meridian line in the plate, TK 
Draw GH GZ and produce them to cut TK at K T 
Bisect TK at L 

In the plate T is the zenith and TK is diam. of [the image of] 
QZEH 

AK is semidiam. of the course of H, and AT of Z 
Add the semidiams. of courses of H and Z: TK 27 = 45;22 
.'. LT, the semid., = 22;41 

There is no need to find the centre, since all the centres are on one 
line [the _L r through L\. We can draw this circle in the plate without 
knowing its semidiameter by drawing it through the images of the east 
point, west point and zenith. 

[ii The general case] 

EZ = 30° [e.g.] 

/. ZB = 60° 

ZHB < rt. 

Draw GK, an arc of a great circle, so that GKO is rt. 

Complete O HZOM 

From A to HMO draw an arc of a great circle, AM, that _L HMO 
AM GK are from the same circle, through the poles and cutting 
0 HZOM at a rt. angle 

Draw GK and produce it to cut the plane of the plate at F 
On the plate draw AF, cutting QLS 2 * at Y 
Produce FA to meet \GM) at N, possible Y GN GF FN are in 
the plane of QGKAM 
Q[GKAM\ cuts © HZOM at a right angle 
.'. GK is the shortest of the lines from G to QHZOM and GM 
the longest 

.'. AGFN cuts off [i.e. delimits] the cone of [apex G and] base 
O HZOM by lines GK GM 

The plane of the triangle is produced to the plane of the astrolabe; 
their c.s. is NF 

57 The latitude is again assumed to be 30°. So GB = 30°, GH = 60°, AZ = 60° 
and AH = 120°. Table 1 gives 11;20 and 34;2 for AT and AK. 

2a Possibly by constructing a great circle through G and the poles of OGKOM. 
See Theodosius, Sphaerica 115, 20. This note applies to the next three lines. 

29 K is as in the previous diagram; QLS i. LT. QLS is the line on which all the 
centres of the azimuths are found. 
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NF is diam. QHZOM [when projected] in plane of astrolabe, 


by I [2] 

. centre QHZOM [when projected] is on line FN 



But we have shown [Chap. 2, Prop. 5] that it falls on QLS 
.‘. Y is centre of the circle 

YT = YN = YF = semid. of circle 
On YS cut off YU = YT. So YU is also semid. of the circle 
.’. circle about Y and with radius YT goes through N U F 

BZ = 60°; BO = ZO = ±Q; GO = 90° - <f>. GK is soon 
determined (cf. declination): 

Sin ZB: Sin BO = Sin KG: Sin GO [rule of four quantities 30 ] 

30 Or cf. Almagest 114 in Ptolemy [1898-1903], I pp. 76-81. For early knowledge 
of the Rule of Four Quantities, see Lorch [2001], pp. 395-397. 
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and Sin ZB (=51;57,42 for diam. = 120 p ) x Sin GO (=51;57,42) 
= 2700;0,53 

this -r Sin BO (=60 p ) = Sin KG = 45;0,1 
KG =_48;35 

Similarly AM is known [= KG = 48;35] 

But AN is semid. of the course of M, and AF of K 
On QAMGK, AK = 180° - GK. Hence (by Table 1] the semid. 
of the course of K [and = AW] 

[AF] + [AW] [= 43;32 + 8;52] = NF = 52;24, where diam. of 
course of Cap. is 60 p 
YN = YT = 26;12 

For azimuths near that through the east point YT is close to and = 
LT ; and YL is hard to draw accurately and an error therefore occurs 
in YL. [So calculation is needed:] 

y/YT 2 - LT 2 [=26;12 2 - 22;41 2 = 13;6,4l] = YL 
YU (= semid. [FT]) - YL = LU = 13;6 [better 13;5] 

[Summary of argument of part ii 

In the new diagram © OEH is the azimuth through the east point, E; OZH, 
a typical azimuth, is taken as 30° from QOEH, so that EZ = 30° 

Take the great circle GKAM, which ± QOHZ 
Join GK and GM and produce to plate, cutting it at F N 
FA produced goes through N (plane GNF is the plane of OGKAM) 
GK is the shortest arc from G to QffZOM and GM the longest 
the cone with apex G and base OHZOM is delimited by GK GM 
.'. diam. of its image is FN (Prop. I [2]) 

But the centre lies also on QLS 
.'. it is at the intersection of FN and QLS, at Y 

calculation of the semidiameter and position of the centre 

Sin ZB : Sin BO = Sin KG : Sin GO [0:GK,BZ] 

.'. (Sin ZB x Sin GO) / Sin BO = Sin KG 
Similarly AM is known [and = FG ] 

Hence AF AN, from Table 1 
The semid. (=YT) = \{AF + FN) 

YL = VLT* - YT 2 ] 

U is a point on QLS s.t. YU = YT. 

YU - YL = LU (tabulated) [See note on section 5.5 below.]] 
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Chapter 4-’ The tables 


There are five tables: 

1. fundamental table: f{8) for 0 = 1(1)180° 31 , where DZ = 
f(DT) (see diagram) 



2. right ascensions: a(0) for 0 = 1(1)90° 

3. table of 25 fixed stars: name, A, /3, 6, p. (/? and 5 with direction, 
north or south) for Yazdijird 225 [856-857 AD 32 ] 

4. alumcantars: distance of centre from centre of astrolabe and 
semidiameter for 0 = 0 and 15(1)50°; h = 0(1)90° (h is the 
angular distance of the almucantar from the horizon) 

5. azimuths: LU, which = YT (semid. of the azimuth) - LT (see 
Fig. 3.6) for <j> = 0 and 15(1)50°; EZ = 0(5)90°. EZ is the 
angular distance of the azimuth from the east point. 


Chapter 5: The northern astrolabe 


[1] The refer the zodiac 

In the diagram A G is the meridian and BD is the great circle through 
the poles and the east- and west-points. The rule H'Z' is of such a 
scale that 60 of its divisions are equal to the diameter A G of the plate. 

31 By the notation 8 = x{y)z° it is meant that 9 is taken from 9 = i° in steps of 

y° to 0 r°. 

32 For this date, see also Chap. 3, lines 106-107. 
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The rule, of unspecified length, is divided into parts five divisions long; 
and the first such part is divided into individual divisions, which are 
subdivided as finely as possible 33 . With centre K 8;34 [Chap. 3, lines 
40-41] from the centre of the astrolabe the zodiac ALMN, A being 


[cf. Fig. 5.1] 
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the beginning of Capricorn, L of Aries, M of Cancer and N of Libra. 
Two circles parallel to the zodiac are drawn so that the divisions of the 
zodiac and the names of the signs may be accommodated. After circle 
ALMN has been copied on the back of the rete, so that the copy is 
exactly opposite the original, the outer edge of the zodiac band is filed 
down, so that the chamfered edge of the zodiac band represents the 
zodiac and is in direct contact with the plate when rete and plate are 
put together. The zodiac is divided, first by signs and then by intervals 

33 Division any finer than to halves, or perhaps to quarters, would scarcely be 
practical. 
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of six degrees with the help of right ascensions either on arc BAD 
specially divided for the purpose or on the rim of the plate, on which 
the rete is carefully and symmetrically laid. DS is the right ascension 
of Aries, 27;50° ; SE is drawn and produced, so that its intersections, 
Q U, with the zodiac are found: LU is the sign of Aries and QN the 
sign of Libra. Partition marks at U and Q, running from the outermost 
to the innermost of the three parallel circles of the zodiac, are incised. 
Similarly, by taking BO = 27;50°, points X and 0 are found: LX is 
Pisces and NO is Virgo. By taking the ascension of two signs, the ends 
of the other signs, R0 Y J, are found. Points W Z are similarly found 
by putting DH = the ascension of 6°, or 5;29°; similarly F C, 24° of 
Pisces and of Virgo, are found by putting BT = 5;29°. Such division 
lines are incised between the outer and middle zodiac circles only. 

[2] The rete: the fixed stars 

The position of a star is found by looking up its mediatio and the 
semidiameter of its course in Table 3 and cutting off the amount of this 
semidiameter on the line through the centre and the star’s mediatio on 
the zodiac. H" is the mediatio of al-nasr al-tffir (Cap 11;40°) and ET" 
is the semidiameter, 17;36, of the star’s course; so that T" is the star’s 
position. K" is the mediatio of yad al-jawza* and L" its position. 

[3] The rete: perforations, dimensions 

Most of the rete is cut away, so that there is left only the zodiac (3 P 
wide, 2 P for the band containing the names and l p for the outer band 
containing the divisions for every 6°), a diameter, pointers for the stars 
and supports for those of the pointers that cannot be attached to the 
zodiac or the diameter. These supports are: a solid circle (semidiameter 
5 P ) at the centre, an arc (width 2 P ) along the edge of the rete, stretching 
from the middle of Aquarius to the middle of Scorpius, and a smaller 
arc (width l| p ) attached to it. The stars mentioned are: 

al- l ayyuq [a Aurigae], al-nasr al-waqi ‘ [a Lyrae] and al-fakka [a 
Coronae Borealis], attached to the small circle; 
al-nasr al-taHr [a Aquilae], ra's al-hatuwa * [“the Head of the 
Snake-Carrier”, a Ophiuchi] and mankib al-faras [“the Shoulder 
of the Horse”, {3 Pegasi], attached to the zodiac; 
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al-shi'ra al-yamdniya [“the Southern Sirius”, a Canis Maioris] 
and qalb al-‘aqrab [“the Heart of the Scorpion”, a Scorpii] at¬ 
tached to the large arc along the edge of the rete; 
al-dabardn [a Tauri], yad al-jawza * [a Orionis], al-shi’ra al- 
sha’dmiya [“the northern Sirius", a Canis Minoris] and qalb al- 
asad [“the Lion’s Heart”, a Leonis], attached to the smaller arc. 

The rim of the mater is 4 P wide. The thickness of the rete is that of 
two almucantar plates. 


[4] Horizon and almucantars 

The plate is provided with courses of the first points of Capricorn, 
Aries and Cancer, the semidiameters ([30], 19;39 and 12;54, respec¬ 
tively) being found from Table 1. The horizon and almucantars are 



[Fig. 5.2] 


then drawn on the plate by using the part of Table 4 that is-drawn up 
for the assumed geographical latitude; the example taken is <l> — 30°. 
K, the centre of the horizon, is found from its distance from E, 34;2°, 
which is given at the head of the table for latitude 30° (if necessary, 
line EA is extended beyond A). KM, the semidiameter of the horizon, 
is also given in the table: 38;18. With centre K and distance KM draw 
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LMN, the arc of the horizon. Similarly, OFQ, the almucanatar for 6°, 
is drawn (centre S): from Table 1 SE (28;9) and the semidiameter SM 
(32; 19) are found. And so on till the zenith is reached. We label each 
almucantar with its distance from the horizon - both east and west, 
near the edge of the plate, till we reach the first almucantar that lies 
completely on the plate, and thereafter once only, near the meridian. 



[5] Azimuths 

Take the value at the head of the part of Table 5 drawn up for 
latitude 30°: 22;41 

Put CO = 22;41, where C is the zenith 

About centre O and distance OC draw arc of azimuth of the first 
points for Aries and Libra. It goes through the intersection of 
east-west line and the equator 

HOT || DB 

In Table 5 find what is opposite 10° azimuth: 19 p 
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OK - OL = 19° 

Find the point on OH 1 equidistant from C and L 3i 
With it as centre draw SCY : 

HY, of the horizon, represents the azimuth of 10° from the 
east point towards the north and ZS the azimuth of 10° from 
the west point towards the south 
Similarly find the point on OT equidistant from C and K and 
with it as centre draw MCN, etc. 

Then take what is opposite 20° in Table 1, etc., and so on till 80° 


A 



We extend line H' T when the drawing the azimuths near the meridian. 
The almucantars should not be drawn through C, but should stop 
at the almucantar for 84° [the “small” circle]. We label the azimuths 
with their distances from the meridian line, beginning at the meridian 
towards the south. 


[6] Unequal hours 

Of the circles of Capricorn, equator and Cancer the three arcs beneath 
the horizon are divided into twelve equal parts. Corresponding points 

34 This is a procedure of trial and error. Al-FarghanT has determined the tabulated 
OK by finding the semidiameter of the azimuth and the distance of its centre 
from 0. In Fig. 3.6 YT, the semidiameter, YL, the distance of the centre from the 
meridian, and UL (here OK) are successively found. Of these, al-Farghanlcalculates 
YL since drawing an arc of radius TY to cut QLS to find Y will lead to inaccurate 
results when Y is close to L. Why he takes the further step of subtracting YL from 
YT is not dear. 
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are joined by arcs of circles, the centres being found by trial and error. 
We then label the hours, starting in the west. 


A 



[Fig. 5.4] 


[7] Equal hours 

In latitude 30° [the night hours when the Sun is at the first point of 
Capricorn =] the daylight hours when the Sun is at the first point of 
Cancer = 14 hours, approx.; so we divide LGN by 14. Similarly, divide 
KSO, of the circle of the first point of Cancer, by 10, the number of 
hours of daylight at the first point of Capricorn. Also divide HTY , the 
semicircle of the equator, into 12 (as before - the equal hours at the 
first point of Aries — the “unequal” hours). Join corresponding points 
- FC etc. 35 - until the tenth hour-line, through K , is reached. [The 
remaining hour-lines, which do not reach the circle of Cancer, require 
the construction of further points.] Put the rete on the almucantar 
plate and find [by trial and error] the point of the zodiac such that 
when the Sun is on it there are 11 night hours 36 . By rotating the rete, 

^—1 

36 The corresponding point on HTY is here to be understood between F and C. 

36 There is no hint in the text that calculation was used. No doubt points were 
tried till the arc made by it under the horizon when the rete is rotated over the 
plate = 11 x 15°, i.e. 165°, measured by the pointer on the rete as it moves over the 
graduated rim of the mater, which must be in place under the almucantar plate. 
We note that the pointer is not mentioned at all in the text and the rim of the 
mater is mentioned only by the way (in section 3 of the chapter). 
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see where the point cuts the horizon on the left side: this is point Q, 
which lies between K and H. Draw the eleventh hour-line, QR, though 



[Fig. 5.5] 


Q and the corresponding points on the equator and on the circle of 
Capricorn [72]. [For the twelfth and thirteenth hour-lines,] find on the 
rete the degree of the zodiac for which the night hours are 13 and, 
by rotation, see where its circle cuts the horizon on the left: point E. 
About centre E draw E Y' and bisect it at U. Through H U and the 
corresponding point on LGN [0\ draw the twelfth hour-line, HU0. 
Draw the 13th hour-line between E and the last [division-]point of 
the course of Capricorn 37 . If the hours are more than 14, we proceed 
as before; we keep the hours on the right complete hours and let any 
fractions appear on the left. 

Note 

There is no explicit indication of how the nocturnal arc of Capricorn is to 
be divided into 14 or that of Cancer into 10, but it is likely that' we are to 
take 15°, 30°, 45° ... from N and 0. For, though K and L are treated as 
division-points on the arc of Capricorn (as is indeed justified by taking the 
number of hours to be 14), D and B are not: he refers to the first hour-line 

37 It is not clear how al-Farghanl intended this last arc to be drawn, for only two 
points on it are given. 
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as arc FC, not FD\ and the point connected to E for the 13th hour-line is 
referred to as “the remaining [division-] point of Capricorn”. Presumably 
al-Farghanl wanted the procedure to apply as far as possible to cases other 
than the very special one of 14 hours (D G B are division-points only when 
the number of hours is an even integer). 


[8] Shadow diagram on back of astrolabe 

Only the shadows of altitudes between 15° and 90° are treated - be¬ 
low 15° the lines become numerous and dense [since the shadows are 
considered as increasing regularly in length]. 


A 



Make an altitude scale on arc BA 

Join the 15° point of this scale and E and produce to H on DG 
HT || ED (HT is not incised) 

Join the 45° point and E and produce to S on HT 
Divide TS into 12 equal parts 


t 
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Divide the rest of TH into parts equal to these: there are almost 
45 of them 38 

Join E and the end-points^of the 5th, 10th, .., parts and produce 
to points K L ... on GD 

Label these points [5, 10, ... , 45] 

Join E to the end-point of the first part on TH and produce to 
M on the inner circle near GD\ do the same for all the other 
individual parts of HT 


[9] Construction of the line for the shadow [time of'asr] 

To draw the line determining the time at which the shadow of a gnomon 
exceeds its shadow at midday by the length of the gnomon. 



Between 8th and 10th unequal-hour-lines draw courses of the 
beginnings of the signs 

Midday altitude of [the course of the beginning of] Cancer [= 
90-<f>+c] ±83±° 

shadow(83j°) = l£ parts 39 [1.367 approx.] 
l£ parts + length of gnomon = 13| parts 
13^ parts = shadow(42°) [41.987 approx.] 


38 Calculation gives 44.8 approx. 

39 The “parts” in this section are those of the previous: 1 part = ^gnomon. 
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Put the beginning of Cancer on [the almucantar of] altitude 42° 
on the plate, on the western side 
Mark where the beginning of Capricorn [i.e. the point opposite 
that placed on the almucantar] stands on its course in the 
plate: Z 

Do the same for the beginning of Leo (opp. point: beg. Aquarius): 
mark H 

Do the same with the other signs: hence T K L M N 
Join Z H T K L M N with a smooth curve 

When the degree of the zodiac opposite the Sun falls on this line, the 
shadow of a gnomon will exceed its midday shadow by the length of 
the gnomon. 



G 


Note 

In the above diagram the points on the l asr curve were found by following 
al-FarghanTs procedure. First h, the altitude of the Sun when the shadow 
of the gnomon is its shadow at midday + its length (i.e. the time of ‘asr) 
is found as follows. Since the midday altitude = 90 - <f> + 6, where <f> is the 





























434 


Al-FarghanT, On the Astrolabe 


latitude of the locality (here 30°) and 6 is the declination of the Sun, and 
since the shadow function introduced by al-Farghanl = 12 cot 6 for altitude 
8, cot h — 1 + cot(90 — <f> + 6). The Sun must be both on the almucantar 
of height h and on the course of the point on the zodiac of declination 6, 
and therefore on the intersection of the two (J in the previous diagram). J 
was found graphically, and the corresponding point on the ‘asr, the point 
opposite J on the zodiac, was found by joining J and E and producing the 
line to the course of — 6. 


[10] Other lines on the plate; other parts of the astrolabe 

A line for the beginning of dawn or the end of dusk is not necessary, 
since it is the same for all latitudes and for all times of the year. Near 
the equinox dusk or dawn occurs when the Sun is 17° vertically beneath 
the horizon. Also, the times vary with the atmosphere and with the 
light of the Moon. 

The alidade with its sights, the pin [which goes through the centre of 
the mater, plates and rete] and the “horse” [a wedge to go through a 
hole in the pin to stop it falling out] are made in the usual way. 


Chapter 6: The southern astrolabe 


In the southern astrolabe the zodiac is of the same size and its centre 
is the same distance from the centre of the plate as in the northern 
astrolabe, but each sign is in the diametrically opposite place in the 
projection of the zodiac - since the ratio of the declination of any point 
in the northern half of the zodiac to its distance to the north pole is 
the same as the ratio for the opposite point with respect to the south 
pole 40 . 

40 This is tantamount to saying that S: S is the same for opposite points on the 
zodiac, and this ensures that in the northern and southern astrolabes the zodiac 
is the same size, etc. But this is hard to interpret, for simply 6 by itself would 
have sufficed, for S controls the distance of the projected point from the centre 
of the plate. Taking the sines or chords of £ and 7 produces no ratio of use in 
comparing the projection of opposite points. The passage can hardly have been in 
al-FarghSni’s original text. 
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For the fixed stars the mediatio is the same in both types of astrolabe, 
but their courses are different. The fixed stars in the southern astrolabe 
lie between the south pole and the course of Cancer. In the two projec¬ 
tions the horizon for any one latitude is of the same size - this is true 
of all great circles; in the southern astrolabe the centre of the horizon 
is on the northern side. The almucantar whose altitude, h, = <f> [i.e. 
the one that goes through the pole of projection] becomes a straight 
line; if h < <j>, the centre is on the northern side and, if h > <f>, on the 
southern. The azimuths are of the same size in both projections. Their 
line of centres cuts the meridian line on the southern side. As ^ > or 
< e, the zenith fails inside or outside the course of the beginning of 
Cancer. 


[1] Making the rete 

Draw the zodiac as in the northern astrolabe, putting Aries where 
Libra was, etc., and put in the names of the signs. For the fixed stars 
we take two examples. 



D 


[Fig. 6.1) 


G 
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(1) Yad al-jawzd\ put H at its mediatio (Gem 14°, from Table 
3); find its S (5;42°, from Table 3) and hence EZ the semid. of 
its course ([21;42 p ] = 2l| p , from Table l) 4t : Z is the position of 
the star. 

(2) Suhayl : put T at its mediatio (Gem 29;43°, from Table 3) 
find its S (—51;27, from Table 3) and hence EM, the semid. of its 
course, ([6:52 p ] = (6 + | + j) p , from Table 1): M is the position 
of the star. 


[2] Horizon and almucantars 

Let <f> = 30°. To draw the horizon: 

EK = 34;2 and semid. of hor. = 39:18 {from Table 4] 

With centre K and semid. 39; 18 draw ZML, arc of hor. 

To draw the almucantar of altitude 6°: 

<f> + 6° = 36°; $ + 6° = 156°. These are the nearest and greatest 
distances of the almucantar from the south pole 
, from Table 1, the corresponding semid.s are 6;23 and 92;27 
EY = 6;23 

Semid. of almuc. = ^(6;23 4- 92;27) = 49;25 
YH — 49;25 [so H is the centre of the almuc.] 

With centre H and semid. HY draw TYN, arc of almuc. of 6° 

To draw the almucantar of altitiude — tj> (here = 30°) 

The nearest and furthest dist. from south pole = 60° and 180° 
Opposite 60° in Table 1 is 11;20 
ES = 11;20 

OSQ I] DEB. So OSQ is the almuc. of 30° 

To draw the almucantar of altitude 36° 

The nearest and furthest dist. from south pole — 66° and 174° 


41 The semidiameters of the courses are found from Table 1, not direct from Table 
3, as in the northern astrolabe. The “southern rete semidiameters” found in the 
Table 3 of MS B seem therefore to be added and not in the original text. 
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Opposite 66° and 174° in Table 1 are 12;46 and 375;2, resp. 

EF - 12;46 

Semid. of almuc. = ±(375;2 - 12;46) = 181;8° 

FU = 181;8 [so U is the centre of the almucantar] 

With centre U 42 and semid. UF draw XFU y arc of almuc. of 36° 

And so on for the almucantars up to altitude 84° T which falls outside 
QABGD and almost touches it. 


j U centre almuc. 36° 

I 

I 


[cf. Fig. 6.2] 


H centre almuc. 6° 


[3] Azimuths 

When the image of the zenith falls outside the plate, we take the op¬ 
posite point. 

When <f> = 30°, the point opposite the zenith is 60° from the south 
pole; opposite that in Table 1 is 11;20 
EC = 11;20 [so C represents the point opposite the zenith] 

42 A1-Farghanl does not remark on the practical inconvenience of having a centfe 
so far from the place of the instrument. 
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In the column for </> [here 30°) in Table 4 take what is in the first 
row, 22;41 

CO = 22;41, 0 being on the southern part of the meridian 



With centre 0 and semid* OC draw EZ YL on the east and west 
side, cutting the horizon and the horizon at Sphaera recta at 
their intersections 
Through 0 draw KOX || DB 
Opposite 10° in Table 5 is 19 

With compasses with distance 19;0 mark D G on lines OK OX 
Find point on OX equidistant from C and G 
With centre this point and semid. this distance, draw HBM [of 
azimuth of 10°] 

[And from an equivalent point on OK draw WDQ [of azimuth of 

10 °] 

And so on for the other azimuths. 
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Chapter 7: other forms of the astrolabe are not possible 


[1] The plane cannot touch the sphere at a point other than one of the 
poles . 

For then the parallels to the equator, produced by the daily rotation 
from east to west, would not come out parallel and would have different 
centres, all of them different from the projection of the pole. Also the 
horizon at sphaera recta would not become a straight line, but an arc 
of a circle. 

Example: let the plane touch the sphere at one of the poles of the 
zodiac. 



[cf. Fig. 7.1] 


Z is the projection of the pole of the equator. The centre of QAHTK 43 
is not Z (cf. the almucantars in the standard projection), but, say, 
Af. The horizon at sphaera recta goes through B D and Z 44 : it is arc 
LBZDN. Having drawn lines BZ ZD , we rotate the zodiac about Z: 
B reaches the place originally occupied by A when A reaches D's old 

43 AHTK is a conjecture of the editor; in the text is ABGD , but this is obviously 
nonsense. There are several other unsatisfactory parts of the passage. 

44 lt is not clear why the horizon at sphaera recta should go through B and D % 
the first points of Aries and Libra. Perhaps al-Farghanl is invoking an analogy 
with the standard projection - in which ABGD would be the equator and B D t 
the mid-points of ABG and ADG , respectively, would be the intersections of the 
horizon and the equator. 
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A A 

place (Y BZA — A ZD ), but they do this before D reaches £?’s old place 

A A 

(Y AZD DZG ). So B reaches A's position before B's opposite, point 
ZJ, reaches G: contradiction* 

If we let the motion be about Af, the centre of the equator in the 
projected figure, the above inequality becomes even more pronounced. 

Note 

AI-Farghanfs argument about rotating the zodiac and seeing where four 
points (the beginnings of Aries, Cancer, Libra and Capricorn) reach in the 
same time is unclear. Two interpretations are possible: 

(i) The motion is considered as being in the sphere and the affects 
on the projection is considered. When the zodiac is rotated about the 
poles of the equator, the first point of Aries does not occupy the place 
originally occupied by the first point of Capricorn, but another point 
on the circle through both sets of poles. For these two points are at 
different distances from the pole of the equator. On the projection the 
whole zodiac circle would rotate. There is no question of the zodiac’s 
rotating within itself. 

(ii) A point is imagined moving round the zodiac in the projection - 
or rather four points, starting at B A D G - at a uniform angular 
speed about Z. But one may ask: to what rotation in the sphere does 
this corespond? 

[2] The mapping in the [melon-shaped] astrolabe is not valid . 

Note 

The principle of the mapping in this instrument 45 is shown by the following 
diagram: meridians are mapped into straight lines through the pole; if N is 
the north pole of the sphere, which is in contact with the plane, P* is the 
mapping of P when NP r = the curvilinear distance NP. 

It is absurd that of the two poles, both stationary points, one should 
become a circle moving about the other. How can the poles cling to 
the horizon at sphaera recta when one is a movable circle? The zodiac 
[and the horizon, almucantars and azimuths] are not circles or straight 
lines and have to be drawn by joining up points; it has the tannuri 
form [see below]. 


45 For the melon-shaped astrolabe, see Kennedy-Kunitzsch-Lorch [1999]. 


Mathematical Summary: Chapter 7 


441 


Note 

The Muhammad ibn Musa mentioned by al-FarghanT as writing a criticism 
of the melon-shaped astrolabe is presumably Muhammad ibn Musa ibn 
Shakir, one of the Banu Musa. For he is also quoted - again as Muhammad 
ibn Musa - in Chapter 1 for an identifiable passage from a work by the 
Banu Musa. Abu Ja c far Muhammad ibn Musa ai-Khwarizml, the well known 
writer on astrolabes, is therefore less likely. 



[3] The [orthographic] projection is not practical for the whole sphere 
and is hard to draw . 

This mapping is made by dropping perpendiculars from the points on 
the sphere onto a plane tangent to it at one of the poles. The zodiac 
becomes two sections of tannuri form. 

In the diagram AZ = GH = Versin c. .\ BZ = EH . Hence the courses 
of Capricorn and Cancer will be the same size; so the instrument will 
be impossible to work with unless only half the heavens are considered 
at a time. 
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[cf. Fig. 7.2] 



G 


Note 

AI-F^rghanT uses the term tannuri in two places in this chapter: once to 
describe the rounded form of the zodiac in the melon-shaped astrolabe 
and again here to describe the zodiac in the orthographic projection. He 
thought of the latter as “the form of two sections approximately similar 
to the sections of the tannuri form”. This brings to mind the diagrams in 
the manuscripts: two arcs are joined together with a sharp angle at each 
connection. Certainly, ellipses were normally so represented in medieval 
manuscripts - presumably for lack of instruments to draw them easily 
so that the evidence of the drawings is neutral; but Al-Farghanrs phrase is 
curious. In his usage tannuri seems to be some rounded curve that is not a 
circle 46 . 


46 See Kennedy-Kunitzsch-Lorch [1999], pp. 6, 198-199. 
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